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CHAPTER 1 
Introduction 
1.1 Synthesis of surfines 
Sulfur-centered heterocumulenes with the general formula R1R2C=S=0 are now 
commonly called sulfines1. This name for S-monoxides of thiocarbonyl compounds 
was proposed by Sheppard and Dieckmann2 to express the structural relationship 
with thiocarbonyl S-dioxides (R1R2C=S02) which are known as sulfenes3 (Fig. 
1.1). 
о 
U 
Sulfine Sulfene 
Figure 1.1 
The first stable sulfine was isolated in 1923 by Wedekind et al. 4, by reacting 
camphor-10-sulfonyl chloride with pyridine or triethylamine (Scheme 1.1). The 
sulfine structure was confirmed about forty years later by King and Durst5 using 
spectroscopic methods. In the early sixties evidence was accumulated that this 
formation of chloro-sulfines proceeds via the intermediacy of a sulfene and a 
sulfinic sulfonic anhydride6·33, as depicted in Scheme 1.1. 
so2ci X' .CI о s ' 4S02R 
II 
о 
orEt3N 
Scheme 1.1 
In 1986, the structure of the Wedekind's sulfine was analyzed by X-ray diffraction7. It 
was shown7 that this chlorosulfine has the Z-geometry. Following Wedekind's 
procedure King and Durst5 obtained both geometrical isomers of 
chlorophenylsulfine from benzylsulfonyl chloride. 
In the late thirties Kitamura8 obtained thioamide S-oxides, originally incorrectly9 
described as imino sulfenic acids, by oxidation of thioamides with hydrogen 
peroxide (Scheme 1.2). 
1 
s s H 2 0 2 
MeOH 
R=Ph, PhCH2 
χ 
Scheme 1.2 
The true development of sulfine chemistry started in the beginning of the sixties. 
Several publications in this area appeared, particularly dealing with synthetic 
aspects of these heterocumulenes. Dehydrochlorination of sulfinyl chlorides was 
used to prepare the first stable thioaldehyde S-oxide10 and thioketone S-oxide2, as 
is shown in Scheme 1.3. 
Scheme 1.3 
This 1,2-elimination of hydrogen chloride from sulfinyl chlorides was also used for 
the preparation1 ·1 1 of dimethylsulfine2, several monoalkylsulfines1 1, 
phenylchlorosulfine12, phenylcyanosulfine13, phenylsulfine12 and di-t-butylsulfine14. 
It is of interest to note that the lachrymatory factor in freshly cut onions, which has 
been characterized as ethylsulfine15, has been synthesized in the same manner 
(Scheme 1.4). In nature this sulfine is formed by the action of the enzyme alliinase 
on (+)-S-(1-propenyl)-L-cysteine S-oxide, which is present in onions (0.2% by 
weight)(Scheme 1.4). 
\ ^ OH 
NH, 
Alliinase 
(pyridoxal 
phosphate) 
Scheme 1.4 
A convenient method for the preparation of oc-oxo-sulfines involves the in situ 
generation of ß-oxo-sulfinyl chlorides by a reaction of active methylene ketones16 or 
2 
silyl enol e t h e r s 1 6 b ' 1 6 c ' 1 6 d · 1 7 with thionyl chloride, fol lowed by a 
dehydrochlorination, either spontaneously or under influence of base (Scheme 
1.5). 
R2 
OS¡Me3 
SOCIz 
OH 
Rz 
SOCI2 
-HCl 
-MegSiCI VX ЧСІ Base -HCl 
Scheme 1.5 
Some α-οχο sulfines prepared in this manner could be isolated 1 6 a · 1 8 because they 
crystallized from the reaction mixture, others were trapped as their Diels-Alder 
cycloadducts. These a-oxo-sulfines are very sensitive to aqueous work-up 
procedures because of their propensity to undergo a reductive hydrolysis (see 
section 1.2). 
Oxidation of thiocarbonyl compounds is a versatile and generally accepted 
synthesis of sulfines1. A large variety of thiocarbonyl compounds including aromatic 
t h i o n e s 1 9 , thioacyl chlorides2 0, thio-amides2 1, dithiocarboxylic e s t e r s 2 1 0 · 2 2 , 
trithiocarbonates2 3, non-enolizable aliphatic thiones2 4, thiophosgene2 5, thioacyl 
s i l a n e s 2 6 and α,β-unsaturated t h i o n e s 2 7 have been converted into the 
corresponding S-oxides. In most cases peroxycarboxylic acids, e.g. m-CPBA, are 
the oxidizing agents of choice. In special cases ozone2 8 and singlet oxygen 2 9 can 
be used. When the starting thiocarbonyl compound has two different substituents at 
carbon, oxidation gives usually a mixture of Z- and E- sulfines, the ratio of which is 
kinetically determined (Scheme 1.6). Some specific features of the oxidation of 
aliphatic thiocarbonyl compounds, especially dithioesters, will be discussed in the 
introductory section of chapter 2. 
χ 
R1-"^R2 
RCO3H 
о о 
R 1 X R 2 + R 1 X R2 
Scheme 1.6 
An interesting approach to the synthesis of sulfines is the replacement of an 
oxygen atom in sulfur dioxide by an alkylidene group. A modification of the 
Peterson olefination reaction3 0, viz. the alkylidenation of sulfur dioxide using a-silyl 
carbanions, is an excellent and fairly general method for the synthesis of 
sulfines1 a,b,3i,32 (Scheme 1.7). The attractive features of this synthesis of sulfines 
3 
are: /. that the required a-silyl carbanions can easily be obtained from readily 
available active methylene compounds, /'/. that the method is experimentally simple, 
in many cases the reaction can be performed without isolation of intermediate 
products (one-pot procedure) and, Hi. that new types of sulfines can be prepared 
which are not accessible by the oxidation of thiocarbonyl compounds. It is often 
essential to add the a-silyl carbanion to an excess of sulfur dioxide in order to avoid 
a complicating side reaction of the a-silyl carbanion with already formed sulfine. 
R1 R1 R 1 p1 π \ Lbase \
 0 . „ Lbase , _ . „ OSiMe3 " 4 ,γ ) *- ) — SiMe3 *- R2 SiMe3 *• ) = S 
R2 2.Me3SiCI Ft2 2. S 0 2 
o'' x o 
Θ 
R2 
(Z+E) 
Scheme 1.7 
An alternative method for the preparation of a-silyl carbanions is the ß-addition of 
appropriate nucleophiles to vinylsilanes33 (Scheme 1.8). Organolithium 
compounds are especially suitable nucleophiles for this purpose. It should be noted 
that this heteroconjugate addition leads to sulfines with a hydrogen atom at the a-
carbon atom, which are, in many cases, difficult to prepare by the oxidation route, 
because of the limited availability and/or stability of the required thiocarbonyl 
compounds. 
= \ ..,я'и \ ^ ^ n 
R=PhS02, PhS, Ph; Nucleophile=t-BuLi, n-BuLi, MeLi, PhLi 
Scheme 1.8 
Heteroconjugate addition of alkyllithium to vinylsilanes containing a chiral center in 
principle leads to chiral sulfines. A stereocontrolled addition can be accomplished 
when the substituent at the stereogenic center can effectively coordinate with the 
organometallic reagent. This variant of the heteroconjugate addition will be 
discussed in more detail in the introductory section of chapter 3. 
1.2. Structural features of sulfines 
Formally, sulfines can be considered as derivatives of sulfur dioxide and as a 
consequence thereof they are expected to be nonlinear. This expectation is in 
accordance with Walsh's rule which states that molecules X-Y-Z are nonlinear if 
they contain 18 valence electrons34. This nonlinearity was established by dipole 
moment measurements3 5-3 6·3 7, 1H-NMR spectral analysis3 6·3 8, microwave 
spectroscopy39 and X-ray diffraction analysis40 (C-S: 1.62 A, S-O: 1.46 Л; CSO: 
angle: 114°). As a consequence of their nonlinear structure, unsymmetrically 
4 
substituted sulfines can excist as geometrical isomers. Several examples of stable 
geometrical isomers of sulfines have been reported1 ·4·223'27·35·36·41. 
The electronic charge distribution was calculated for the parent sulfine and mono-
and dihalogen substituted sulfines using ab initio methods42. The charge on sulfur 
and oxygen remains almost constant (S: =0.63±0.03, O:-0.69±0.01) whereas the 
charge on carbon is strongly influenced when the substituents on carbon are 
varied. This observation is reflected in the chemical behaviour of differently 
substituted sulfines1. 
1.3. Reactions of sulfines 
The stability of sulfines at ambient temperatures is dependent on their substituents. 
Aromatically substituted sulfines usually enjoy a considerably greater stability than 
their aliphatic counterparts. Although aliphatic sulfines can be isolated using 
appropriate precautions43, they usually suffer from a rather fast deterioration even 
at lower temperatures. A hetero-substituent at the sulfine carbon atom usually 
enhances the stability, e.g. CI, S, SO, SO2, P, NHR, (not О)10·223·«. A characteristic 
behavior of many types of sulfines is the loss of elemental sulfur to give ketones 
under thermal9·44·45 and particularly photolytic conditions1·10'223·35-36·46 (Scheme 
1.9). 
R1. О R1 e П\ 
R 2 ОГ Δ R 2 ^ O R 2 
Scheme 1.9 
Photodesulfurization in dilute solutions and thermal desulfurization under argon, 
was shown to take place via an oxathiirane intermediate46·47. Desulfurization of 
sulfines to the corresponding ketones can also be accomplished by oxidation with 
peracids1 9 3·2 7·4 8·4 9. Sulfines can undergo geometrical isomerization on heating35, 
exposure to irradiation46, by electrochemical means50, or in the presence of tertairy 
amines51·52. 
Hydrolysis of sulfines depends on the nature of the substituents1. Sulfines 
substituted with groups that are not electron-withdrawing undergo acid-catalyzed 
hydrolysis to the corresponding ketones12. Initial protonation of the sulfine oxygen 
facilitates the attack of water at carbon. The α-hydroxy sulfenic acid thus formed 
undergoes an elimination of HSOH to give the ketone (route A, Scheme 1.10). In 
contrast, sulfines substituted with strong electron-withdrawing groups undergo a 
reductive hydrolysis to a methylene group16d·173·31·53·54. Initial nucleophilic attack of 
water at the sulfine sulfur atom gives a sulfinic acid. Subsequent loss of sulfur 
dioxide then leads to the methylene compound (route B, Scheme 1.10). 
A W т ^ - W © -^-^ X - W -HSOH 
R2 R 2 R2 V o r H
 R 2 I 
H2O +s 
в 
EWG 
> =
s 
н2о EWG 
- > - < 
О // R H 
ОН 
X +S02 
EWG Η 
Scheme 1.10 
Sulfines can undergo two principle modes of reactions with nucleophilic reagents, 
viz. a thiophilic and a carbophilic reaction, as is shown in Scheme 1.11. 
Nucleophilic reactions at the positively charged sulfur atom are observed quite 
frequently, whereas reaction at the carbon atom seems to be limited to sulfines 
bearing a leaving group L at the sulfine carbon atom55. 
R1 
) = • 
о 
Nu1 ,Θ 
thiophilic attack 
Nu .Θ 
R2 Nu 
caibophiNc attack 
Nu-
O© 
R2 
J*± 
R2 
π 
Nu 
β 
Nu 
'К? 
Scheme 1.11 
Diarylsulfines react with alkyllithium and phenyllithium to give the corresponding 
sulfoxides56·57, as is shown in Scheme 1.12. 
О 
II 
Ar S-R X О 
А / 2 Н г 0 / н + Η X 
Scheme 1.12 
X= Ar, SAr, S(0)Ar, SOzAr; R= Me. η-Bu, Ph 
An example of a thiophilic reaction is depicted in Scheme 1.12. When a 
diarylsulfine is treated with methyllithium in the presence of a homochiral 
aminoalcohol as chelating agent an asymmetric addition is achieved in a moderate 
optical vield5e (Scheme 1.13). 
P-Tol 
p-Tol К 
1. MeLi + ligand 
Ö 2 .H 2 0 /H + 
P-Tol, Me 
p-Tol H. ratio sulfine:MeLi:ligand= 1 :6.7: 4.0 
solvent THF, 55% 
ligand o^N 
Me 
Scheme 1.13 
Sulfines derived from dithioesters also react with methyllithium or phenyllithium to 
give dithioacetal mono-, di- and trioxides. (Scheme 1.12) The dithioacetal 
monoxides give an aldehyde on acidolysis57·59 (Scheme 1.14). 
RS 
о 
// I.R'Li 
Ar 
О 
II 
S-R' 
2. НгО/Н+ Χ 
Η SR 
ArCH=0 + R'SSR 
Scheme 1.14 
Furthermore, these species can serve as an acyl anion equivalent in nucleophilic 
acylation reaction58 and can be used to prepare unsymmetrical disulfides upon 
acidolysis59. 
Carbophilic reactions of sulfines with nucleophiles were observed for 
chlorosulfines. Substitution of the halogen atom has been accomplished with 
several nucleophiles55. The geometrical configuration present in the chlorosulfine 
is predominantly retained in the product (Scheme 1.15)55a. 
α 
> -
Ph 
/? 
PhNH2 
PhNH 
Ph 
PhS 
PhSH /? 
KSCN 
Ph 
NCS 
Ph 
//° 
KN3 
N3 
Ph 
Scheme 1.15 
7 
Sulfines bearing a hydrogen at the α-carbon atom can be deprotonated by a 
suitable base, such as TI(l)OEt to give vinylsulfenates. Electrophilic alkylation at the 
sulfur atom then leads to α,β-unsaturated sulfoxides (Scheme 1.16). The use of 
TI(l)OEt as base is essential, as other types of bases may lead to complex mix-
tures 2 4 · 3 2 · 6 0 . 
, o .O
 ffi R3 x 0 
s s τι s 
H H 
R1=SMG. PO(OEt)2; R2=S02Ph, Ph; R3=Me, Et 
Scheme 1.16 
Aminosulfines can be O-alkylated with triethyloxonium tetrafluoroborate to give 
iminium salts. The iminium salts obtained gave the ethyl α-imino sulfenates shown 
upon treatment with sodium carbonate (Scheme 1.17)16b·61. 
s*° s " 0 E t s ' 0 E ' 
II EtaOe BF4® ? _ N a 2 C Q 3 1 Jf 
R^NH CHaCfe R1 ©NH BF4® Н г О R 1 ^ 
R2 R 2 R 2 
Scheme 1.17 
For some sulfines a dimerization has been observed. In this reaction sulfines 
undergo a cycloaddition in which they function both as 1,3-dipol© and 
dipolarophile, furnishing unstable cyclic sulfenyl sulfinate esters, which then 
rearrange to 1,2-dithietane-1,1 -dioxides (Scheme 1.18). In the case of ethylsulfine 
this 1,2-dithietane-1,1 -dioxide could be isolated10, in other cases sulfur dioxide is 
eliminated as well as sulfur, giving olefins as the ultimate products2'62. 
, R1 о pi о 
R2^/ // R 4 и 
> · — - R s o > — - д а * -SOa R2 ^ S 
S 
И Р І Г Т ^ ' 
R2 β R2 
R2 R1 H R1 R2 R R1 R2 
Scheme 1.18 
Sulfines can undergo a variety of cycloaddition reactions1. 1,3-Dienes react with 
differently substituted sulfines to give dihydro-thiapyran-S-oxides. Electron-
withdrawing substituents enhance the dienophilicity of the sulfine, while sterically 
8 
demanding groups have a strong retarding effect. As illustrated in Scheme 1.19, 
the stereo-chemical relationship is retained in the cycloadduct63 which is a typical 
feature of a concerted [4+2]-cycloaddition reaction, although one example of a 
nonstereospecific cycloaddition reaction has been reported263. It was recently 
shown however, that this anomalous stereochemical result can be explained by 
invoking a geometrical equilibration of E and Zsulfines prior to the cycloaddition64. 
Scheme 1.19 
Several sulfines with a chiral substituent have been used to perform the 
cycloaddition reaction in an asymmetric fashion. Chiral inductors derived from 
proline65 and terpene alcohols330 have been attached to the sulfine function, but 
only a moderate asymmetric induction was observed330·65. Excellent results (d.e.'s 
of 100%) were obtained for the cycloaddition reaction of sulfoximino sulfines, which 
were prepared via the modified Peterson reaction (Scheme 1.20)52·66. 
и и ' ^ - ^ ^ 
о 
, H^v. see Scheme 1.7 , .. 
R1—S R3 "-R1—S 
Ν N _ Ñ R3 
R1 Ph, Ph. Ph 
R2 Me, Tee, Me 
R3 Me, Me, α 
Scheme 1.20 
The chlorosulfine derived from camphor (see Scheme 1.2) also underwent a 
cycloaddition reaction with 2,3-dimethyl-1,3-butadiene in a completely 
diastereospecific way52·66. 
Recently, it was found that enethiolizable allylthio sulfines, undergo intramolecular 
cyclization, affording 2-alkylidene-1,3-dithiolane-1 -oxides in good yields, via a 
sulfenic acid intermediate67, see Scheme 1.21. 
R=H. Me 
Scheme 1.21 
1.4. Aims and survey of the research 
The primary objective of the research described in this thesis is to extend the 
knowledge about the synthesis and behavior of chiral sulfmes, and to continue the 
research on the use of the heteroconjugate addition to vinylsilanes (Scheme 1.8) 
for the synthesis of chiral sulfmes. In chapter 2, chiral sulfmes were synthesized by 
oxidation of chiral dithioesters. Chapter 3 deals with the synthesis of vinylsilanes 
and especially chiral vinylsilanes bearing an Ν,Ν-dibenzylamino group on the y-
position and the reactions of vinylsilanes derived from glyceraldehyde, tartaric acid, 
malic acid and arabinose are described. In chapter 4, the synthesis of 2-
sulfonylthiophenes, via an α,β-unsaturated sulfine intermediate is presented. 
Chapter 5 is devoted to the synthesis of thiophene2-phosphonates, via an α,β-
unsaturated sulfine intermediate. 
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CHAPTER 2 
SYNTHESIS OF CHIRAL SULFINES BY OXIDATION OF DITHIOESTERS 
2.1. Introduction 
Oxidation of thiocarbonyl containing compounds is the most versatile method lor the 
preparation of sulfines (see also chapter 1). A large variety of sulfines is accessible 
by oxidation using organic peracids1·2·3·4, e.g. thiono S-oxides derived from 
aromatic thiones, dithioesters, thioacyl chlorides, trithiocarbonates, thioacyl silanes, 
thiophosgene, thioamides and α,β-unsaturated thiones. In most cases, the α-carbon 
atom does not bear a hydrogen atom, because it was thought that enethiolization ol 
such substrates would unfavorably interfere with the oxidation reaction1-2·5. However 
in the case of thioamides an α-hydrogen is no problem at all6. The same applies to 
thioacetophenone which was smoothly oxidized with perphthalic acid to the 
corresponding (methyl)phenylsulfine7. Cyclic α,β-unsaturated thioketones, having an 
a'-hydrogen atom, like 3.5,5-trimethyl-cyclohex-2-ene-1-thione, were oxidized in high 
yield to the corresponding cyclic α,β-unsaturated sulfines8. 
Recently, Metzner et a/.9·10·11·12 showed that aliphatic dithioesters can readily be 
oxidized with m-chloroperbenzoic acid to the corresponding thiono S-oxides. These 
aliphatic sulfines are thermally rather unstable due to a rearrangement to 
dithioperoxyesters. Metzner et al. proposed the mechanism for this reaction (Scheme 
2.1). 
°*S 
II m-CPBA Jl ~ ч / 
R ^ S R ' R ^ S R ' "" R ^ S R ' 
O—S О 
,A^SR' 
Scheme 2.1 
For aliphatic sulfines having an α-hydrogen atom a tautomerization as shown in 
Scheme 2.2 can be proposed. 
H R 
R 2 > k ^ S -=0 - R 2 X 4 . ^ S - O H 
R3 R3 
Scheme 2.2 
It is of interest to note that the naturally occurring ethylsulfine, which is the principal 
lachrymatory factor in onions, was orginally assigned the tautomeric vinylsulfenic 
acid (CH3CHMDHSOH) structure. 
In this chapter some aliphatic sulfines В derived from dithioesters A which are chiral 
at C-α, will be described (Scheme 2.3). For substituent X a methoxy, an acyloxy, a 
methyl and a tert.-butoxycarbonylamino-group was chosen. When these sulfines can 
13 
be prepared enantiomerically pure, a study of the chiral integrity of the stereogenic 
center at C-α will provide information about the tautomeric ¡nterconversion of sulfines 
В and vinylsulfenic acids C. 
s ' s ' 
x x χ 
A B С 
X=OCH3, OAc. Me, NHBoc 
Scheme 2.3 
Furthermore, attention will be given to the conversion of aliphatic sulfines derived 
from dithioesters into dithioperoxy esters (see Scheme 2.1). 
2.2. Results and discussion 
2.2.1 Synthesis of benzyl(methylthio)sulfine and benzyl(ethylthio)sulfine 
As a simple model compound for the synthesis of sulfines of type B, the conversion of 
phenylacetic acid into benzyl(alkylthio)sulfine was considered. The preparation of the 
required dithioester 3 can be carried out in two different ways, as depicted in 
Scheme 2.4. The reaction of phenylacetyl chloride with ethanethiol13·14 gave thiolo 
ester 2 in 83% yield. Further reaction with Lawesson's reagent15·16·17·18 in toluene 
gave dithioester 3a in 91% yield. (Overall yield calculated on 1: 76%). The second 
method makes use of Davy's reagent19·20·21 which can be prepared from methanol 
and phosphorus pentasulfide. This reagent gave dithioester 3b in one step, in 49% 
yield. Davy's method is attractive because it involves only one step, however, the 
dithioester thus obtained is more difficult to purify than in the first-mentioned method. 
p ^ O H J O C ^
 р
~ а _EtSH ^ p h / V S E t _ L R _ p ^ S E . 
ο ο
 Ε
*° ·
Ε ,
'
Ν
 о s 
1 2 За 
Davy's Reagent ..
 S M e 
in 1,2,4 trichlorobenzene 
S 
3 b 
// \ "A / ~ \ " z 2 
/ / \ \ — P P _ / . λ — П М в r\o„w'„ D=„„»„«. Mo R _ P L R . : M e O — ^ J— PN P—^ Л—OMe Davy's Reagent: M e — S - Р ч , Ρ — S-Ме 
О О 
Scheme 2.4 
14 
Oxidation of dithioesters За and 3b with m-chloroperbenzoic acid (cf. réf. 22,23,24) 
in dichloromethane at 0°C gave the corresponding sulfines 4a and 4b in high yield 
(Scheme 2.5). According to an NMR-spectroscopic analysis the E-sulfine dominates 
(4a E/Z, ratio 2.2:1; 4b E/Z, ratio 3:1). 
^Y SR PrT ^ - m-CPBA| P h ^ * 4 ^ 2week4 
S CH2CI2,CPC S.4 СНгСІг
 P h ' 
O r.t. 
3 4 
a:R=Et; b: R=Me 
SR 
# -УХ S ^ ^SR Ph 
SR 
5 S ' 
X \ ^SR „ L ^ s ^ S R n s 
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*. Q's ς S , S ' I 
он 
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o*aY^ 
Ph 
Ph 
SR 
SR 
Ph 
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О ' ^ Г Ph 
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Τ
 F HO-S' U V "Ph 
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•
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° s^K 
Ph 
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Η Ь Н 
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Scheme 2.5 
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It should be noted that no trace of vinyldisulfide [Ph-CH=C(SR)-S-S-C(SR)=CH-Ph] 
was observed in the product mixture. Sulfines 4 undergo within two weeks a 
rearrangement to dithiins 5 and 5', which are formed as a 1:1 mixture. The formation 
of dithiins 5a and b can be explained, in both cases, by a dimerization of 
vinylsulfenic acid and a subsequent thio-Claisen rearrangement25, followed by a ring 
closure with concomitant loss of water, as shown in Scheme 2.5. The dithiins 5a and 
b were also formed when dimethyldioxirane was used as the oxidizing agent. 
Only traces of the corresponding dithioperoxyesters (cf. Scheme 2.1) were detected 
during the dimerization of sulfines 4a and b, although Metzner described a 
quantitative rearrangement of 4b into the corresponding dithioperoxyesters. These 
different findings may be attributed to differences in experimental procedure. When 
the synthesis of sulfines 4a and b was performed exactly according to the procedure 
of Metzner et a/12, that is without the explicit removal of the excess of /n-CPBA during 
the work-up by treatment of the reaction mixture with an aqueous solution of sodium 
pyrosulfite, also dithioperoxyesters were obtained in high yields (see also section 
2.2.5). 
9УГ - - S R Ph-^YS R 
OH 
PhSH . . ^ ^ ^SR 
CH2Cfe 
Ph' i^Y' 
V 4 
4 6 
a:R=Et; b: R=Me 
Scheme 2.6 
The intermediate vinylsulfenic acid could be trapped with thiophenol in 
dichloromethane to give vinyl disulfides 6 in 54%, as is shown in Scheme 2.6. 
2.2.2. Synthesis of sulfines derived from mandelic acid 
Mandelic acid 17 is an attractive substrate for the synthesis of sulfines of type В 
(Scheme 2.3) because of its ready availability. This chiral acid was methylated26-27 
to give 8 in 35% yield and subsequently converted into thiolo ester 9 in 83% yield. 
Treatment of 9 with Lawesson's reagent (LR.) in toluene did not result in the 
formation of the desired dithioester 10, only unidentified products were obtained. The 
one pot procedure using Davy's reagent and (2R)-2-(methoxy)phenyl acetic acid also 
failed completely. A Davy's reagent prepared from ethanol and phosphorus 
pentasulfide gave good results neither. 
16 
ОН ОМе ОМе 
Д . О Н (MeOkSO^ ^ L ^ O H SOCfe ^ „ . Д ч ^ С І EtSH, EfaN, 
O 
7 « 
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^VE,^-AS ^SEt Prf ~ " " " "•" ~ 
S 
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Scheme 2.7 
A possible explanation for the failure of these thionation reactions is that the methoxy 
function is not stable under the conditions of the reaction with either Lawesson's or 
Davy's reagent. The precise nature of this failure remains unclear. 
An alternative manner to obtain a dithioester from mandelic acid involves a route via 
an amide28·29, as depicted in Scheme 2.8. 
o ^ \ o ^ 
JL OH I.AcCI „ Д ^ ^ О piperidine J . / \ 1 equiv. LR. 
II 2 SOCI2 И EfeO.EtaN II \ / tK 
OH 
Ph' benzene,Δ 
1 1 1 2 
0 ^ o ^ 
X /—\ 1. MeJ X SMe
 + P h ^ V
S M e 
S о 
1 3 14 (72%) -3b (12%) 
Scheme 2.8 
Acetylation of mandelic acid and subsequent conversion into amide 12 followed by 
treatment with Lawesson's reagent gave thioamide 13 in an overall yield of 50%. S-
methylation with methyl iodide led to an ¡minium salt which on reaction with hydrogen 
sulfide in ethanol gave the desired dithioester 14 in 72% yield (calculated on 13) 
and methyl phenylethanedithioate 3b as a by-product (12%). It is of importance to 
note that the conversion of the ¡minium salt into the dithioester required carefully 
controlled conditions, namely that the amount of ethanol used should be minimal. If 
not carried out properly S-methyl a-acetoxy phenylethanethionate and deacetylated 
products are obtained (see experimental part). The formation of by-product 3b in the 
reaction of the ¡minium salt with hydrogen sulfide can be explained by assuming that 
17 
acetic acid is eliminated prior to the reaction with hydrogen sulfide (Scheme 2.9). 
Addition of H2S followed by elimination of 2,3.4,5-tetrahydropyridine leads to 3b. 
ολ 
S N SMe N ' SMe 
1 3 
Q 
H2S - Л / , - ч - . SMe 
- ρ ι τ η ^ β ΐ - Η -
 P h
^ ï ï 
SMe S 
3 b 
Scheme 2.9 
An attempt to convert the O-benzoyl analog of amide 12 into a thioamide using L.R. 
failed, showing that the thionation reaction is sensitive to structural changes. 
Oxidation of dithioester 14 with m-chloroperbenzoic acid in dichloromethane gave 
the desired sulfine 15 in 78% yield, as a mixture of E and Ζ isomers (E/Z ratio 0.9:1) 
([CX]D2 5= +45.6, c= 4.7 in CH2CI2). 
О 0 0 0 
o - ^ o ^ o ^ o ^ 
„ . J L ^ S M e m-CPBA І .SMe^Çb ^ l .SMe ^ JL fi^ 
P h
 Π ZZ P r » V I ~ p t i l f + P h - ^ Y SMe 
II CHoCfe, OPC II 7 months II II 
S ¿ S . О О 
' О 
E/Z 
14 15 16 17 
Scheme 2.10 
Sulfine 15 gave during standing for a period of 7 months a rearrangement to a 1:1 
mixture of dithioperoxyester 17 and thiolo ester 16, which were inseparable. The 
mixture of 16 and 17 showed optical activity ([CC]D2 5= -27.4, c=3.9 in CH2CI2). This 
indicates that tautomerization is slow (Scheme 2.2), the optical purity however has 
not been determined. Sulfine 15 did not undergo racemization: after storage for a 
period of 2 months sulfine 15 gave the same optical rotation. 
2.2.3. Synthesis of a sulfine derived from ethyl 2-phenyl-propanedithioate 
The second substrate for the synthesis of an a-chiral sulfine is ethyl 2-phenyl-
propanedithioate (B, R=Ph, X=Me). The required carboxylic acid 18 was readily 
18 
prepared by α-methylation of methyl phenylacetate and subsequent saponification 
The racemic carboxylic acid was resolved with the MPOT reagent developed by 
Nagao et a/30-31 This reagent, (4R,5S)-4-methyl-5-phenyl-1,3-oxazolidine-2-thione, 
can readily be prepared from norephedrine and carbon disulfide30 Coupling of 
carboxylic acid 18 with MPOT 20 was performed by using dicyclohexyl carbodnmide 
The diastereomeric mixture of amides 21 was conveniently separated by column 
chromatography The separated MPOT-diastereomers 21a,b were converted into 
the corresponding f/vo/oesters 22 by treatment with ethanethiol in the presence of a 
catalytic amount of sodium hydride in 92% yield (Scheme 2.11) 
MPOT 
1 9 2 0 2 1 b 2 1 a 
S 
A 
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. в A f ΗΝ О 
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' ili "Л» * и -
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Scheme 2.11 
It is essential to use a catalytic amount of sodium hydride, because racemization of 
the f/7/o/oester 22 takes place when one equiv of this base is used 
Treatment of гЛ/o/o-ester 22 with one equiv of Lawesson's reagent in toluene 
produced dithioester 23 in 94% yield This material was optically active Oxidation of 
dithioester 23 with m-chloro-perbenzoic acid in dichloromethane resulted in sulfme 
24 as an E/Z mixture (E/Z ratio 0 67.1)(Scheme 2.12) 
Д . ^.SEI m-CPBA J L ^SEt standing at pif ^ ч / ^ Ph IT 
II CH2Ciz,(fC II room temperature S Sv 
4 0 
ε ζ=0 7 1 
2 3 2 4 * 2 4 2 2 
Scheme 2.12 
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SEt 
The optical rotation of this sulfine was measured immediately after its preparation 
and amounted to [a]o2 5=+0.072 (c=13.95, CHCI3). However, after standing for 24 h 
the optical rotation completely had disappeared. Furthermore, the E/Z ratio had 
changed to 1:1. This loss of optical activity is most likely attributable to racemization 
by tautomeric equilibration via a vinyl sulfonic acid as proposed in section 2.1 (see 
Scheme 2.2). The sulfine structure of compound 24 was confirmed by 
irradiation32-33, which led to extrusion of sulfur to give thiolo-ester 22 (Scheme 
2.12). The latter showed no optical activity, indicating that indeed racemization had 
taken place at the sulfine stage. Sulfine 24 dissolved in dichloro-methane, was 
stirred for about one month while protected from day light. During this period 
rearrangement to dithioperoxyester 25 took place (yield 30%). Two other products 
were also isolated after this long period of standing, i.e. thiolo-ester 22 and 
thiosulfinate 26 (Scheme 2.13). The formation of product 26 can be explained by 
assuming a dimerization similar to the one shown in Scheme 2.5 under A (topline) 
Ph' 
SEt 
Ph 
Λ γ
δ Β
 o n e month. Р Ц - ^ у ^ ' + P t A ^ ' + Р И ^ Ц ^ ^ Ч " 
S ^ r " У ° ° SEt О ' 
0
 \ CCI4, hv 
72% 
2 4 22 ( 2 8 % ) 25 ( 3 0 % ) 26 ( 1 0 % ) 
Scheme 2.13 
An attempt was made to trap the proposed intermediate vinylsulfenic acid 
tautomer3 4'3 5·3 6 by reaction with methyl propynoate. Shelton et al.37 showed that this 
acetylenic ester is an effective trap for sulfenic acids. In the case of 24 no trapping 
product was obtained, only extrusion of sulfur to thiolo-ester 22 was observed. 
2.2.4. Synthesis of a sulfine derived from leucine 
The third type of a chiral dithioester sulfine was derived from an amino acid, namely 
leucine. Amino acids are attractive starting materials for chiral dithioesters. It was 
shown by Lawesson et a/.2 8·2 9·3 8 that amino acids can be converted into the 
corresponding dithioester via an amide, in a similar way as shown in Scheme 2.8. 
This sequence is depicted in Scheme 2.14. Reaction of Boc-protected leucine with 
BocHN 
1.Et3N 
2. 0.5 eq LR. BocHN 
20 
Scheme 2.14 
Lawesson's reagent in the presence of one equiv. of triethylamine gave an activated 
amino acid derivative which on treatment with piperidine produced amide 28. Further 
treatment with Lawesson's reagent gave thioamide 29, which then was converted 
into optically active dithioester 30 by reaction with methyl iodide, followed by 
hydrogen sulfide. 
Oxidation of amino dithioester 30 with m-chloroperbenzoic acid gave the desired 
optically active sulfine 31 as a single isomer in 63% yield (Scheme 2.15). Most 
likely, this Ε-isomer is stabilized by intramolecular hydrogen bonding as indicated in 
the formula. After storage for a few years the sulfine remained unchanged and had 
the same optical rotation. No trace of the corresponding dithioperoxyester was found. 
\ \ \ 
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Scheme 2.15 
On heating the sulfine in dichloromethane in the presence of methyl propynoate no 
addition product, but frt/o/oester 32 was obtained. 
2.2.5. Rearrangement of alkyl(alkylthio)sulfines into dithioperoxyesters 
As mentioned in section 2.1. sulfines derived from aliphatic dithioesters undergo a 
thermal rearrangement to dithioperoxyesters (Scheme 2.1). Metzner et al.9·'12 
proposed that this rearrangement takes place via the intermediacy of an oxothiirane. 
Such three-membered rings are also intermediates in the photochemical extrusion of 
sulfur from sulfines. During irradiation experiments of sulfines never a rearrangement 
to dithioperoxyesters was observed. Moreover, a thermal rearrangement of sulfines 
derived from aromatic dithioesters to give dithioperoxyesters was never observed 
either. This thermal rearrangement of aliphatic dithioester S-oxides into dithioperoxy­
esters is similar to that observed for a selenium analog39, depicted in Scheme 2.16. 
On oxidation of seleniumthioester D the corresponding S-oxide E was obtained 
along with selenolothioloester F. Murai er a/.39 claim that the formation of the 
selenolothioloester F takes place via a radical intermediate, which was not further 
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specified. A conversion of the sulfine into selenolothioloester F was not observed. It 
was suggested that in this rearrangement m-chloroperbenzoic acid plays the role of a 
radical initiator. 
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Scheme 2.16 
The results described for compound D suggest that the formation of dithioperoxy-
esters from aliphatic dithioester S-oxides also may take place via a radical pathway. 
In support of this hypothesis is the observation that the Metzner rearrangement takes 
place much faster with unpurified sulfines which still contain traces of m-
chloroperbenzoic acid. 
An alternative mechanism for the rearrangement to dithioperoxy ester was 
suggested by Zwanenburg1 (Scheme 2.17). Initial tautomerization of the sulfine to 
vinylsulfenic acid and subsequent sulfur-sulfur bond formation and re-attack of water, 
leads to the observed product. This explanation implies the involvement of an a -
hydrogen. The racemization observed for sulfine 24 in section 2.2.3 supports the 
posibility that sulfines can tautomerize to vinylsulfenic acid. In the case of 
enethiolizable allylthio sulfines, vinylsulfenic acid was the essential intermediate in 
the formation of 2-alkylidene-1,3-dithiolane-1-oxides, as depicted in Scheme 1.2140. 
* R"^YS R l " Θ » R ^ f j - R ' -
S 4 •" 
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Scheme 2.17 
In order to shed more light on the formation of dithioperoxyesters from sulfines two 
simple aliphatic sulfines were prepared for rearrangement studies, namely tert.-
butyl(ethylthio)sulfine 36 and isopropyl(methylthio)suItine 41. 
Tert.-butyl(ethylthio)sulfine 36 was obtained by the sequence depicted in Scheme 
2.18. Essentially, the methodology used previously for the synthesis of 4 (Scheme 
2.4) was followed. lsopropyl(methylthio)sulfine 41 was prepared by an alternative 
route namely via a Grignard reaction with carbon disulfide, as shown in Scheme 
2.19. The sulfine was purified by column chromatography. 
Tert.-butyl(ethylthio)sulfine 36 quantitatively rearranged to dithioperoxyester 37 on 
heating in dichloromethane for two days (Scheme 2.18). However, in the presence 
of radical scavenger 38, heating in refluxing dichloromethane for the same period 
R-YS R 1 
s
' o 
R1 
H 2 0 ^ 
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did not produce the rearranged product at all. The sulfine was recovered unchanged. 
Sulfine 36 on standing at room temperature for a period of more than 6 months did 
not produce rearranged product, only E/Z isomerization was observed. 
< 
ci 
EtSH, EfeN 
3 3 
< 
.s=o 
SEt 
3 6 
^ _ L B H ^ 
SEt 
3 4 
< 
SSEt 
3 7 
m-CPBA, 
СНгСЬ 
t-Bu 
3 8 
Scheme 2.18 
lsopropyl(methylthio)sulfine 41 in dichloromethane quantitatively rearranged 
during standing for 24 h at room temperature to dithioperoxyester 42 (Scheme 
2.19). Addition of radical scavenger 38 slowed down this process considerabily, 
because now complete rearrangement had taken place after 4 days. 
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During attempts to synthesize methyl(methylthio)sulfine, from the corresponding 
dithioester it was found that this sulfine was too unstable to be isolated, but when 
radical scavenger 38 was added, the sulfine was stable in the crude mixture for a 
couple of days. 
The observations mentioned above indicate that tautomerization to vinylsulfenic 
acid is not prerequisite for the rearrangement to dithioperoxyesters. In the case of 4a 
and b the tautomerization seems to be contraproductive for the rearrangement. 
Therefore, the mechanism shown in Scheme 2.17 can be ruled out. The influence of 
added radical scavenger suggests that a radical reaction may be involved. Additional 
evidence for a radical intermediate was provided by Carlsen et a/.41, who proposed a 
biradical intermediate to explain the formation of phenyl thiono- and thiolo- benzoate, 
when diphenylsulfine was irradiated at 85K. This biradical intermediate is formed 
from the oxathiirane intermediate, as is shown Scheme 2.20. 
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By assuming that a similar type of biradical is involved in the Metzner rearrangement, 
this process can be pictured as shown in Scheme 2.21. 
£- -o* -o§ - °x^ 
Scheme 2.21 
At this stage it remains unclear why sulfines derived from aromatic dith¡oesters do not 
rearrange and why this rearrangement is not observed during the photochemical 
extrusion of sulfur from such sulfines. 
2.3. Experimental section 
General remarks 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. The 90 
MHz "Ή NMR spectra were recorded on a Varían EM-390 spectrometer (Me4Si as 
internal standard) and for the 100 MHz 1H NMR spectra a Bruker AC 100 
spectrometer (CDCI3 as internal standard) was used. For the 13c NMR spectra a 
Bruker AC 100 spectrometer (CDCI3 as internal standard) was used. For mass 
spectra a double focussing VG7070E mass spectrometer was used. Melting points 
were measured with a Reichert Thermopan microscope and are uncorrected. 
Elemental analysis were performed on a Carlo Erba Instruments CHNS-0 EA 1108 
element analyzer. Optical rotations were measured using a Perkin Elmer 241 
automatic Polarimeter. 
Dichloromethane was distilled from P2O5. THF was distilled from LÌAIH4. Diethyl 
ether was distilled from NaH. Petroleum ether 60-80 was distilled from NaH. 
Hexane was distilled from NaH. Acetonitrile was distilled from P2O5. Ethyl acetate 
was distilled from K2CO3. All syntheses were performed in an argon atmosphere. 
n-Butyllithium was used as a standard solution of 1.6 M in hexane. Methyllithium 
was used as a standard solution of 1.6 M in diethyl ether (salt free). Phenyllithium 
was used as a standard solution of 2.0M in benzene/diethyl ether. GLC was 
conducted with a Hewlett-Packard HP 5890 gas Chromatograph, using a capillary 
column (25m) of HP-1, and nitrogen at 2 ml/min (0.5 atm) as the carrier gas. Thin 
layer chromatography (TLC) was carried out on Merck precoated silica gel 60 F254 
plates (0.25 mm) using the eluents indicated. Spots were visualized with UV and 
spraying with 5% H2SO4 solution in ethanol followed by charring at 140°C for 15 
min. Flash chromatography was carried out at a pressure of ca. 1.5 bar, a column 
length of 15-25 cm and a column diameter of 1-4 cm, using Merck Kieselgel 60H, 
unless stated otherwise. 
S-Ethyl phenylethanethioate (2) 
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Phenylacetyl chloride (5.0 g, 32 mmol) was added to a solution of triethylamine (3.3 
g, 32 mmol), ethanethiol (2.4 mL, 2.0 g, 32 mmol) ¡η diethyl ether (30 mL) kept at 
-5°C and then the reaction mixture was stirred for 1.5 h at -5°C. The white precipitate 
was filtered off and washed with diethyl ether (3 χ 10 mL). The combined organic 
layers were concentrated in vacuo, to give 4.84 g (83%) of 2 as a yellow oil, which 
was sufficiently pure for further use. 
1H NMR (CDCI3): δ 1.15 (t, 3H, J=7.5Hz, -CH3), 2.77 (q, 2H, J=7.5Hz, -SCH2-). 3.68 (s, 2H, Ph-CH2-C=0). 7.27 (m, 5H, Ar) ppm. 
IR (CCI4): ν 1683 (-C(=0)-S-Et) cm-1. 
Ethyl phenylethanedithioate (3a) 
S-Ethyl phenylethanethioate 2 (4.0 g, 22.1 mmol) was added to solution of 
Lawesson's reagent (5.35 g, 13.3 mmol, 0.6 equiv.) in dry toluene (22 mL). After 
heating at reflux for 21 h, the reaction mixture was concentrated in vacuo and the 
residue was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : diethyl ether = 95:5, v/v) to give 3.97 g (91%) of dithioester 3a. 
1H NMR (CDCI3): δ 1.22 (t. 3H, J=7.5 Hz, -CH3), 3.12 (q, 2H, J=7.5 Hz, -SCH2-). 
4.27 (s, 2H, Ph-CH2-C=S), 7.10-7.40 (m, 5H, Ar) ppm. 
13c NMR (CDCI3): δ 12.1 (q, -C_H3), 31.2 (t, -SC_H2-), 58.2 (t, Ph-CH2-C=S), 127.2 (s, 
Ph), 128.5 (d, Ph), 129.1 (d, Ph), 137.0 (s, Ph), 235.5 ís, C=S) ppm. 
IR (CCI4): ν 3020-2880, 1600, 1210, 1130 (C=S) СП '. 
MS(EI) m/e: 196 (M+), 168 (PhCH2C(S)-SH), 134 (PhCH2-C=S+). 
Methyl phenylethanedithioate (3b) 
Phenylacetic acid (2.00 g, 14.7 mmol) was added to a solution of Davy's reagent19 
(2.27 g, 8.1 mmol, 1.1 equiv.) in 1,2,4 trichlorobenzene (15 mL), in one portion. After 
heating the reaction mixture at 130 °C for 15 min. the solvent was evaporated in 
vacuo. The residue was dissolved in dichloromethane and filtered. The combined 
organic layers were concentrated in vacuo to give 3.1 g of a crude product, which 
was purified by column chromatography (aluminium oxide 60 PF254 [type E], 
petroleum ether 60-80°C : diethyl ether= 95:5, v/v), to give 1.30 g (49%) of 3b and 
0.70 g (29%) of S-methyl phenylethanethioate. 
Spectral data of 3b; 
1H NMR (CDCI3): δ 2.43 (s, 3H, -SCH3), 4.27 (s, 2H, Ph-CM2-C=S), 7.16-7.42 (m, 
5H, Ar) ppm. 
IR (CCI4): ν 3020-2880, 1950-1670 cm-1 (Ar), 1210, 1130 (C=S) cm-1. 
Spectral data of S-methyl phenylethanethioate; 
1H NMR (CDCI3): δ 2.17 (s, 3H. -SCH3), 3.73 (s, 2H, Ph-CÜ2-C=0), 7.10-7.43 (m. 
5H, Ar) ppm. 
IR (CCI4): ν 1685 (-C(=0)-S-Me) спИ. 
Benzyl(ethylthio)sulfine (4a) 
A solution of Г77-СРВА (1.25 g, 1.0 equiv., 70-75% pure, 5.38 mmol) in 
dichloromethane (20 mL) was dried on magnesium sulfate and added to a solution of 
ethyl phenylethanedithioate За (1.06 g, 5.38 mmol) in dichloromethane (25 mL) 
while kept at 0°C. The reaction mixture was stirred for another 20 min, while 
following the progress of the reaction by TLC. The reaction mixture was washed with 
a saturated aqueous sodium pyrosulfite solution and extracted with a saturated 
potassium hydrogen carbonate solution (3 χ 30 mL). The organic layers were dried 
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over sodium sulfate and concentrated in vacuo. The residue was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to 
give 1.048 g (92%) of 4a. (ratio E:Z= 2.8:1, 1 h after the synthesis). 
Spectral data of the E-isomer: 
1H NMR (in CDCI3): δ 1.23 (t, J= 8.4Hz, 3H,-SCH2CÜ3), 3.1 (q, 2H, J= 8.4Hz, 
-БСигСНз), 5.23 (s, 2H, Ph-CH2-C=S=0), 7.10-7.45 (m, 5H, Ph) ppm. 
IR (CCI4): ν 3080-2860, 1600, 1490, 1450, 1130 (C=S=0), 1078 (C=S=0) cm"1. 
Spectral data of the Z-isomer: 
1H NMR (in CDCI3): δ 1.18 (t, J= 8.4Hz, 3H,-SCH2Ctb), 2.7 (q, 2H, J= 8.4Hz, 
-SChbCHs), 4.2 (s, 2H, Ph-CÜ2-C=S=0), 7.10-7.45 (m, 5H, Ph) ppm. 
IR (CCI4): ν 3080-2860, 1600, 1490, 1450, 1130 (C=S=0), 1078 (C=S=0) cm"1. 
MS(CI) m/e : 213 (M++1), 151 (M+-SEt), 91 (PhCH2+). 
EI/HRMS of E/Z mixture, m/e : 213.03996 ±0.00082 (cale, for C10H13OS2 (M+): 
213.04078). 
Benzyl(methylthio)sulfine (4b) 
Starting from S-methyl phenylethanedithioate 3b (1.0 g, 5.5 mmol) and m-CPBA 
(1.27 g, 1.0 equiv., 70-75% pure, 5.5 mmol) sulfine 4b was synthesized according to 
the procedure used for sulfine 4a. The crude product was purified by column 
chromatography (silica gel 60, petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to 
give 0.653 g (78%) of 4b. (ratio E:Z= 3:1, 1 h after the synthesis). 
Spectral data of the E-isomer: 
1H NMR (in CDCI3): δ 2.25 (s, 3H, SMe), 4.2 (s, 2H, Ph-Chb-C), 7.23 (s, 5H, Ph) 
ppm. 
IR (CCI4): ν 3080-2860, 1595, 1490, 1450, 1130 (C=S=0), 1073 (C=S=0) спИ. 
Spectral data of the Z-isomer: 
1H NMR (¡η CDCI3): δ 2.53 (s, 3H, SMe),. 3.77 (s, 2H, Ph-CÜ2-C=S=0),. 7.23 (s, 5H, 
Ph) ppm. 
IR (CCI4): ν 3080-2860, 1595, 1490, 1450, 1130, 1073 (C=S=0) cnr1. 
MS(CI) m/e; 199 (M++1), 151 (M+-SCH3), 91 (PhCH2+). 
EI/HRMS of E/Z mixture, m/e : 199.02455 ±0.00096 (cale, for СдНюОЭг (M+): 
199.02513). 
3,6-diethylthio-4,5-diphenyl-1,2-dithiin (5a) and 2,5-diethylthio-3,6-diphenyl-1,4-
dithiin (5a') 
A solution of sulfine 4a (0.282 g, 1.33 mmol) ¡η dichloromethane (20 ml_), protected 
from light, was stirred at room temperature for two weeks. The volatiles were 
evaporated in vacuo. The residue was purified by column chromatography (silica gel 
60H, petroleum ether 60-80°C: ethyl acetate = 19:1, v/v) to give 0.202 g (78%) of a 
pale yellow solid, m.p.: 79-80°C, as a 1:1 mixture of isomers (5a and 5a'). 
1H NMR (CDCI3): δ 1.16 (t, 3H, J=7.6Hz, S-CH2-CM3), 1.21 (t, 3H, J=7.2Hz, S-CH2-
CÜ3), 2.66 (q, 2H, J=7.2Hz, -SCH2-CH3), 2.73 (q, 2H, J=7.6Hz, -SCH2-CH3), 7.03-
7.27 (m, 10H, Ar) ppm. 
13c NMR (CDCI3): δ 14.0 (SCH2-C_H3), 14.6 (SCH2-C_H3), 31.5 (SC_H2-CH3), 32.6 (SC_H2-CH3), 127.07 (Ph), 127.19 (Ph), 127.65 (Ph), 127.67 (Ph), 130.34 (Ph), 
130.64 (Ph), 134.90, 134.99, 135.05, 135.33, 144.65, 146.12 ppm. 
IR (CCI4): ν 1720, 3028, 2960, 2920, 1440, 1370, 1335, 1250, 1070, 1030, 908, 700 
cm"1. 
MS(EI) m/e : 388 (M+), 356 (M+-S), 327 (M+-SEt), 266 (M+-2x SEt, 100%). 
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MS(CI) m/e : 388 (M+), 356 (M+-S), 327 (M+-SEt), 266 (М+-2х SEt). 
EI/HRMS m/e : 388.0447 ±0.0011 (cale, for C20H20S4 (M+): 388.04479). 
3,6-dimethylthio-4,5-diphenyl-1,2-dithiin (5b) and 2,5-dimethylthio-3,6-diphenyl-1,4-
dithiin (5b') 
A solution of sulfine 4b (0.263 g, 1.33 mmol) in dichloromethane (20 mL), protected 
from light, was stirred at room temperature for two weeks. The volatiles were 
evaporated in vacuo. The residue was purified by column chromatography (silica gel 
60H, petroleum ether 60-80°C : ethyl acetate =19:1, v/v) to give 0.151 g (63%) of a 
pale yellow solid, m.p.: 71-72°C, as a 1:1 mixture of isomers (5b and 5b'). 
1 H NMR (in CDCI3): 5 2.35 (s, 3H, SMe), 2.41 (s, 3H, SMe), 7.01-7.25 (m, 10H, Ph) 
ppm. 
13c NMR (CDCI3): δ 20.02 (S-Ме), 23.24 (S-М ), 127.23 (Ph), 127.70 (Ph), 130.22 
(Ph), 130.71 (Ph), 132.86, 135.02, 135.24. 137.91, 142.89..146.81 ppm. 
IR (CCI4): ν 3060, 2918, 1600, 1438, 1342, 1305, 1070, 1030, 955, 918, 700 спИ. 
MS(EI) m/e; 360 (M+), 313 (M-SMe), 266 (M- 2x SMe, 100%). 
EI/HRMS m/e : 360.01350 ±0.0011 (cale, for CieHi6S 4 (M+): 360.01349). 
1 -Phenyldithio-( 1 -ethylthio)-2-phenylethene (6a) 
Sulfine 4a (0.282 g, 1.33 mmol) and thiophenol (0.165 g, 1.5 mmol) were dissolved 
in dichloromethane (20 mL) at room temperature and protected from light. After 
stirring for two weeks the reaction mixture was concentrated in vacuo. The residue 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C) to 
give 0.217 g (54%) of 6a, as a 1:1 mixture of isomers. 
* H NMR (in CDCI3): 5 2.0 (t, J=7Hz, 3H, SCH2-CH3), 2.83 (q, J=7Hz, 2H, SCH2-
СНз), 7.10-7.65 (m, 11 H, Ph) ppm. 
13c NMR (in CDCI3): δ 14.78(S-CH2-ÇJH3), 28.94 (S-C_H2-CH3), 127.67, 127.85, 
128.18, 128.42, 128.63, 128.94, 129.11, 129.16, 129.27, 129.37, 131.22, 133.26, 
133.96, 137.77 ppm. 
IR (CCI4): ν 3060, 3020, 2980, 2920, 2870, 1578, 1472, 1440, 1375, 1250, 1075, 
1025, 910, 690, 698 cm-1. 
MS(CI) m/e : 304 (M+), 243 (M+-SEt), 211 (M+-S, -SEt), 195 (M+-SPh). 
CI/HRMS m/e : 304.04132 ±0.00088 (cale, for C 1 6 H i 6 S 3 (M+): 304.04142). 
1-Phenyldithio-(1-methylthio)-2-phenylethene (6b) 
Sulfine 4b (0.263 g, 1.33 mmol) and thiophenol (0.165 g, 1.5 mmol) were dissolved 
in dichloromethane (20 mL) at room temperature and protected from light. After 
stirring for two weeks the reaction mixture was concentrated in vacuo. The residue 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C) to 
give 0.217 g (56%) of 6b, as a 1:1 mixture of isomers. 
ІН NMR (in CDCI3): 5 2.26 (s, 3H, S-CH3), 2.33 (s 3H, S-CH3), 7.15-7.55 (m, 11H, 
Ph) ppm. 
IR (CCI4): ν 3060, 3020, 2980, 2920, 2870, 1578, 1472, 1440, 1375, 1250, 1075, 
1025, 910. 690, 698 cm-1. 
MS(CI) m/e: 290 (M+), 181 (M+-PhS), 141 (PhSS+), 109 (PhS+). 
CI/HRMS m/e : 290.02583 ±0.00084 (cale, for C15H14S3 (M+): 290.02577). 
S-Ethyl 2-(methoxy)phenylethanethioate (9) 
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ct-(Methoxy)phenylacetyl chloride2 6·2 7 (5.9 g, 32 mmol) was added to a solution of 
triethylamine (3.3 g, 32 mmol) and ethanethiol (2.4 mL, 2.0 g, 32 mmol) in diethyl 
ether (30 mL) while kept at -5°C. After stirring for 1.5 h at -5°C, the white precipitate 
was removed by filtration and the solids were washed with diethyl ether (3 χ 10 mL). 
The combined organic layers were concentrated in vacuo to give 5.58 g(83%) of 
thiolo-esXer 9 as a yellow oil, which is sufficiently pure for the reaction with 
Lawesson's reagent. 
1H NMR (CDCI3): δ 1.15 (t, 3H, J= 7Hz, S-CH2-CH3), 2.77 (q, 2H, J= 7Hz, -SCÜ2-
CH3), 3.3 (s, 3H, -OMe), 5.47 (s, 1H, Ph-CH-C=0), 7.16-7.5 (m, 5H, Ph) ppm. 
IR (CCI4): ν 1685 (-C(=0)-S-Et) cm-1. 
Attempted synthesis of ethyl 2-(methoxy)phenylethanedithioate (10) 
Lawesson's reagent (1.64 g, 3.4 mmol) was added in one portion to a solution of S-
ethyl oc-(methoxy)phenylethanethioate 9 (1.43 g, 6.8 mmol) in dry toluene (35 mL). 
After heating at reflux for 24 h the reaction mixture was concentrated in vacuo. The 
residue was subjected to column chromatography (silica gel 60H, dichloromethane), 
but no desired product could be isolated. 
Attempted synthesis of methyl 2-(methoxy)phenylethanedithioate 
2-(Methoxy)phenylacetic acid2 6·2 7 8 (2.44 g, 14.7 mmol, 1.1 equiv.) was added in 
one portion to a solution of Davy's reagent19 (2.27 g, 8.1 mmol) in 1,2,4 
trichlorobenzene (15 mL). After heating at 130 °C for 30 min the solvent was 
evaporated in vacuo. The crude reaction mixture was dissolved in dichloromethane 
and the solids were removed by filtration and washed with dichloromethane (3 χ 
25mL). The combined organic layers were concentrated in vacuo to give 4.5 g crude 
product, which was subjected to by column chromatography (aluminium oxide 60 
PF254 [type E], petroleum ether 60-80°C : diethyl ether = 95:5, v/v), but no desired 
product was isolated, nor was there any starting material left. 
(R)-2-Acetyloxy-2-(phenyl)thioacetopiperidamide (12) 
A solution of piperidine (4.9 mL, 4.26 g, 50 mmol) in diethyl ether (20 mL) was added 
dropwise to a cooled (0°C) solution of a-acetoxy-phenylacetyl chloride 1 1 4 2 (5 g, 
23.5 mmol) in diethyl ether (100 mL). After stirring for 2 h, the white precipitate was 
removed by filtration, and the solids were washed with diethyl ether (3x 25 mL). The 
combined organic layers were concentrated in vacuo. The crude product was purified 
by crystallization from toluene/petroleum ether 60-80°C to give 6.13 g (88%) of 12 as 
white crystals, m.p.: 100-102°C. 
[a]D2 5= -68.61 (CHCI3, c=5.35) 
1H NMR (in CDCI3): δ 1.20-1.60 (broad s, 6H, N-CH2-CH2-CJI2-CH.2-). 2.0 (s, 3H, 
CH3C=0), 3.2-3.5 (broad s, 4 H, -CÜ2-N-CM2-). 6.03 (s, 1H, Ph-CH), 7.20 (s, 5H, Ph) 
ppm. 
IR(KBr): ν 1740, 1440, 1230 (0-C=0), 1660 (N-C=0) cm"1. 
(R)-2-Benzoyloxy-2-phenylacetopiperidamide 
Mandelic acid 7 (2.95 g, 19.4 mmol) dissolved in dry THF (10 mL) was added 
dropwise to a solution of carbonyl diimidazole43 (3.14 g, 19.4 mmol) in dry THF (40 
mL). After the addition was complete the reaction mixture was stirred for 2 h at room 
temperature. After cooling to 0°C, piperidine (2.11 mL, 1.817 g, 21.34 mmol) in THF 
(5 mL) was added in one portion. After stirring for another 2 h, a 1N HCl (20 mL) 
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solution was added and the aqueous layer was extracted with diethyl ether (4 ж 25 
mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo to give 3.383 g (80%) of 12b. 
1 H NMR (in CDCI3): δ 1.20-1.65 (broad s, 6H, N-CH2-CÜ2-CtÍ2-Ctl2-), 3.2-3.63 
(broad s, 4 H, -CH2-N-CÜ2-). 6.10 (s, 1H, Ph-CHJ. 7.25 (s, 5H, Ph), 8.9 (broad s, 1H, 
-OH) ppm. 
IR(KBr): ν 3440 (-OH), 1660 (N-C=0) с г И 
Tetrachloromethane (1.16 mL, 1.85 g, 12.0 mmol) was added dropwise to a solution 
of triphenylphosphine (3.15 g, 12.0 mmol) in acetonitrile44 (15 mL) during which the 
color changed from yellow to orange. Then benzoic acid (1.465 g, 12.0 mmol) was 
added in one portion, followed by triethylamine (1.67 mL, 1.214 g, 12.0 mmol). After 
stirring for 30 min. (R)-2-hydroxy-2-phenylacetopiperidamide 12b (2.30 g, 10.5 
mmol) dissolved in acetonitrile (10 mL) was added dropwise. After stirring for 1 h the 
reaction mixture was concentrated in vacuo. The residue was purified by column 
chromatography (silica gel 60H, diethyl ether) to give 1.83 g (54%) of 12c. 
1H NMR (in CDCI3): δ 1.30-1.65 (broad s, 6H, N-CH2-CÜ2-CM2-ChL2-), 3.3-3.4 
(broad s, 4 H, -CH^-N-CH^-), 6.20 (s, 1H, Ph-СЩ 7.2-7.7 (m, 8H, Ar), 8.0-8.2 (m, 2H, 
Ar) ppm. 
IR(KBr): ν 1740 (C=0), 1230 (C=0), 1660 (N-C=0) cm-1. 
(R)-2-Acetoxy-2-(phenyl)thioacetopiperidamide (13) 
Lawesson's reagent (4 g, 0.01 mol) was added in one portion to acetoxy-2-
phenylthioacetopiperidamide 12 (5.1 g, 0.02 mol) dissolved in benzene (50 mL). The 
reaction mixture was heated under reflux for 1 h and then concentrated under vacuo. 
The residue was purified by column chromatography (silica gel 60H, petroleum ether 
60-80°C : dichloromethane 1:2, v/v) to give 2.87 g (53%) of thioamide 13 as a yellow 
oil. 
1H NMR (in CDCI3): δ 1.36-1.67 (broad s, 6H, N-CH^CH^-Ctte-CH^-), 2.0 (s, 3H, 
CH3C=0), 3.40-3.65 (broad s, 2H, -CÜ2-N-CH2-), 4.0-4.2 (broad s, 2H, -CÜ2-N-
CÜ2-). 6.43 (s, 1H, Ph-C-H). 7.0-7.2 (m, 3H. m and ρ Ph-H's), 7.27-7.40 (m, 2H, o-Ph-
H's) ppm. 
IR(KBr): ν 1740 (C=0), 1440, 1280 (0-C=0), 1480, 1220 (N-C=S) cm"1 
MS(EI) m/e : 277 (M+), 128 ([S=C-N-(CH2)5]+), 84 (N-(CH2)5+), 43 (CH3-C=0+). 
Attempted synthesis of (R)-2-benzoyloxy-2-phenylthioaceto-piperidamide 
Lawesson's reagent (1.64 g, 3.4 mmol) was added in one portion to a solution of (R)-
2-benzoyloxy-2-(phenyl)acetopiperidamide (2.314 g, 6.8 mmol) in benzene (35 mL). 
After heating under reflux for 24 h the reaction mixture was concentrated in vacuo. 
The residue was subjected to column chromatography (silica gel 60H, 
dichloromethane), but no desired product was isolated. 
S-Methyl 2-acetoxy-phenylethanethioate 
Methyl iodide (1.30 mL, 2.92 g, 20.6 mmol) was added to a solution of ct-acetoxy-2-
(phenyl)thioacetopiperidamide 13 (1.42 g, 5.13 mmol) in THF (40 mL). After stirring 
for 12 h, the volatiles were evaporated under vacuo. The remaining syrup was 
dissolved in ethanol (50 mL) and cooled to 0°C with an ice bath and hydrogen 
sulfide was bubbled through for 1 h under slightly reduced pressure. The crude 
product was concentrated in vacuo and purified by column chromatography (silica 
gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to give three products: 
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0.59 g (51%) S-methyl 2-acetoxy-2-phenylethanethioate, 0.134 g (11%) 2-hydroxy 
phenyl-thioacetopiperidamide, and 0.097 g (10%) S-methyl 2-hydroxy-
phenylethanethioate. 
S-methyl 2-acetyloxy-phenylethanethloate: 
[a]D25= -45.2 (CHCI3, c=4.8) 
1H NMR (in CDCI3): δ 2.10 (s, 3H, CH3C=0), 2.20 (s, 3H, -S-CH3), 6.07 (s,1H, Ph-
CH), 7.25 (s, 5H, Ph) ppm. 
IR(KBr): ν 1755 (0-C=O), 1695 (S-C=0), 1430 (0-C=O), 1370 (0-C=O), 1315 (S-CH3), 
1215(0-C=O)cm-1. 
MS (Cl) т/ : 225 (M++1), 177 (M+ - S-СНз). 149 (M+ - CH3-S-C=0). 
2-hydroxy-phenyl-thioacetopiperidamide: 
"Ή NMR (in CDCI3): δ 1.10-1.30 (broad s, 3H, piperidyl), 1.33-1.70 (broad s, 3H, 
piperidyl), 3.43-3.70 (multi, 2H, -CH2-N-CH2-), 4.10-4.45 (multi, 2H, -CH2-N-CH2-), 
4.27 (s, 1H, Ph-C-H), 7.25 (s, 5H, Ph) ppm. 
IR(KBr): ν 3360 (-OH), 1440 (N-C=S), 1245 (N-C=S) cm-1. 
S-methyl 2-hydroxy-phenylethanethioate: 
1H NMR (in CDCI3): δ 2.13 (s,3H, S-СНз), 6.0 (s, 1H, Ph-CH-C=0), 7.23 (s, 5H. Ph). 
IR(KBr): ν 3340 (broads, -OH) cm'1. 
S-Methyl 2-acetoxy-phenylethanedithioate (14) 
Methyl iodide (1.30 ml_, 2.92 g, 20.6 mmol) was added to a solution of 2-acetoxy-2-
(phenyl)thioacetopiperidamide 13 (1.42 g, 5.13 mmol) in THF (5 mL). After stirring for 
12 h, the volatiles were evaporated under vacuo. The remaining syrup was dissolved 
in ethanol (50 mL) and cooled to 0°C with an ice bath and hydrogen sulfide was 
bubbled through for 1 h under slightly reduced pressure. The crude product was 
concentrated in vacuo and purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to give two products: viz. 0.Θ9 g 
(72%) of 14, [ot]D25= -44.02 (CHCI3, c=5.65) and S-methyl phenylethanedithioate 
3b, 0.110 g (12%). 
Spectral data of 14: 
1 H NMR (in CDCI3): δ 2.23 (s, ЗН, СНзС=0), 2.6 (s, ЗН, S-СНз), 6.53 (s, 1Н, Ph-CH_-
C=S), 7.1-7.57 (m, 5H, Ph) ppm. 
IR(KBr): ν 1750 (C=0), 1418 (0-C=0), 1370 (0-C=0), 1220 (0-C=0), 1210 (S-C=S), 
1130(S-C=S)cm-1. 
MS (El) m/e : 240 (M+), 181 (M+ - 0-С(=0)-СНз), 149 (M+ - CH3-S-C=S). 
Spectral data of 3b: see above. 
(a-Aœtoxybenzyl)methylthio-sulfine (15) 
Starting from dithioester 14 (2.28 g, 9.5 mmol) and m-CPBA (2.2 g, 1.0 equiv., 70-
75% pure, 95 mmol), sulfine 15 was synthesized according to the procedure used for 
the synthesis of sulfine 4a. The crude product was purified by column 
chromatography (silica gel 60, petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to 
give 1.90 g (78%) of sulfine 15, as an oil, in an EIZ ratio of 0.9:1. 
[ct]D25= +45.64 (CH2CI2, c=4.7) ([a]D25= +50.3 (СН2СІ2. c=4.5) two month's later, 
eZratio1:1) 
1 H NMR (CDCl3)of the Z-isomer (deduced from the spectra of the BZ mixture): δ 2.17 
(s, ЗН, 0=C-CH3), 2.56 (s. ЗН, S-СНз), 6.7 (s, 1Н, Ph-CH), 7.33-7.6 (m, 5H, Ph) ppm. 
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1H NMR (CDCI3) of the Ε-isomer (deduced from the spectra of the EIZ mixture) : 5 
2.19 (s, ЗН, 0=С-СНз), 2.40 (s, ЗН, S-CH3), 7.23 (s, 1H, Ph-CH), 7.33-7.6 (m, 5H, 
Ph) ppm. 
IR(KBr): ν 1750 (s, O=C-0), 1210 (s, O=C-0), 1130 (s, 0=S=C), 1020 (s, 0=S=C) cnr 
MS (El) m/e:256 (M+), 214 (M-S), 43 (CH3C=0+, 100%). 
EI/HRMS m/e: 256.0229 ±0.0010 (cale, for С ц Н ^ О з в г (M+): 256.02279). 
Rearrangement of suif ine 15 
A solution of sulfine 15 (0.5.12 g, 2.0 mmol in dichloromethane (25 ml.) was kept at 
room temperature, protected from light, for 7 months and concentrated in vacuo. The 
crude product was purified by column chromatography (silica gel 60, petroleum ether 
60-80°C : ethyl acetate = 3:1, v/v), to give 0.386 g, (81%) of an inseparable mixture of 
thiolo-esXer 16 and dithioperoxyester 17. [a]D2 5= -27.4 (c=4.1) in CH2CI2 
Spectral data of 17 (deduced from the spectra of the mixture of 16 and 17): 
1H NMR (CDCI3): 52.15 (s, ЗН, 0=С-СН3), 2.21 (s, ЗН, S-CH3), 6.06 (s, 1H, Ph-CH), 
7.23-7.35 (m, 5H, Ph) ppm. 
IR(KBr): ν 1750 (s, 0=C), 1725 (s, 0=C-S-S-Me), 1210 (s, O=C-0) сгтН. 
MS (Cl) m/e:257 (M++1), 197 (М+-СН3-С(=0)-С-), 149 (Ph-CH-0-C(=0)-CH3, 
100%), 43 (СН3С=0+). 
CI/HRMS m/e: 257.0306 ±0.0010 (cale, for C-\ i H 1 3 0 3 S 2 (M++1): 257.03061). 
Spectral data of 16 (deduced from the spectra of the mixture of 16 and 17): 
1H NMR (CDCI3): 5 2.15 (s, ЗН, 0=С-СН3), 2.28 (s, ЗН, S-CH3), 6.21 (s, 1H, Ph-CH), 
7.23-7.35 (m, 5H, Ph) ppm. 
IR(KBr): ν 1750 (s, 0=C-), 1692 (s, 0=C-S-Me), 1210 (s, O=C-0) cm-1-
MS (Cl) m/e: 225 (M++1), 149 (Ph-CH-0-C(=0)-CH3, 100%), 43 (CH3C=0+). 
CI/HRMS m/e: 225.05854 ±0.00088 (cale, for C1 i H 1 3 0 3 S (M++1): 225.05854). 
(4R,5S)-3-[2-Phenylpropanoyl]-4-methyt-5-phenyl-1,3-oxazolidine-2-thione (21a) 
DCC (dicyclohexylcarbodiimide) (5.89 g, 73.3 mmol, 1.1 equiv.) was added to a 
solution of (4R,5S)-4-methyl-5-phenyl-1,3-oxazolidine-2-thione (MPOT)3 0·3 1 20 
(12.85 g, 66.7 mmol), 2-phenyl-propanoic acid 18 (10.0 g, 66.7 mmol) and 4-(N,N-
dimethylamino)pyridine (DMAP) (0.81 g, 6.7mmol) in dichloromethane (50 ml_) at 
room temperature. After stirring for 15 h, the reaction mixture was concentrated in 
vacuo and then dissolved in ethyl acetate. The precipitate formed was removed by 
filtration and washed with ethyl acetate (3 χ 25 mL). The filtrate was concentrated in 
vacuo to give 24.61 g of a crude product. The diastereomers formed were separated 
by column chromatography (silica gel 60H, petroleum ether 60-80°C : diethyl ether = 
4:1, v/v) to give 9.14 g (42%) of one diastereomer (21a) and 7.45 g (35%) of the 
other diastereomer (21b) and 4.5 g, (23%) of a mixture of both diastereomers. 
Spectral data of diastereomer 21a: 
1H NMR (CDCI3): 5 1.00 (d, 3H, J= 6.5 Hz, C4-CH3), 1.60 (d, 3H, J=6.5 Hz, Ph-CH-
CH3), 4.63-5.03 (m,1H, C4-H), 5.50 (d, 1H, J=7.5 Hz, C5-H), 6.15 (q, 1H, J=6.5 Hz, 
Ph-CJJ-СНз), 7.13-7.60 (m, 10H, 2x Ar) ppm. 
IR (CCI4): ν 1695 (s, 0=C-N), 1450 (m, S=C-N), 1180 (m, S=C-N) cm-1. 
1 H NMR (CDCI3) of diastereomer 21b: 5 0.73 (d, 3H, J= 6.5 Hz, C4-CH3), 1.57 (d, 
3H, J=6.5 Hz, Ph-СН-СМз), 4.80-5.17 (m,1H, C4-H), 5.67 (d, 1H, J=7.5 Hz, C5-H). 
6.15 (q, 1H, J=6.5 Hz, Ph-CH-CH3),.7.00-7.50 (m, 10H, 2x Ar) ppm. 
IR (CCI4): ν 1695 (s, 0=C-N), 1450 (m, S=C-N), 1180 (m. S=C-N) cm""!. 
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S-Ethyl 2-phenylpropanethioate (22) 
A catalytic ammount of sodium hydride (0.01 g, 0.42 mmol) was added to a well 
stirred solution of ethanethiol (3.50 g, 4.16 mL, 28.1 mmol) in dry THF (50 mL). To this 
suspension was added (4R,5S)-3-(2-phenylpropanoyl)-4-methyl-5-phenyl-1,3-
oxazolidine-2-thione 21a (9.14 g, 28.1 mmol) dissolved in THF (10 mL). After the 
reaction mixture was stirred for 1 h it was concentrated in vacuo. Hexane was added 
to the residue and (4R,5S)-4-methyl-5-phenyl-1,3-oxazolidine-2-thione (MPOT) 
precipitated and was removed by filtration to give 4.6 g (85%) of MPOT. The filtrate 
was concentrated in vacuo and purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to give 5.0 g (92%) of r/7/o/o-ester 
22, as an oil. 
[ Ä ] D 2 5 = - 1 0 4 , 4 (C=5.80, CHCI3) 
1H NMR (CDCI3): δ 1.15 (t, 3H, J=7.5Hz, -S-CH2-CH3), 1.50 (d, J=6.5 Hz, 3H, Ph-
СН-СМэ), 3.83 (q, 2H, J=7.5Hz, -S-CH2-CH3), 4.78 (q, 1H, J=6.5 Hz, Ph-CM-CH3), 
7.30 (s, 5H, Ar) ppm. 
IR (CCI4): ν 2930 (s), 1680 (s, -S-C=0), 1000 (m), 950 (s) cm*"·· 
MS(EI) m/s. 194 (M+), 133 (PhCH(CH3)C=0+), 105 (PhCH(CH3)+) 
S-Ethyl 2-phenylpropanedithioate (23) 
A solution of S-ethyl 2-phenylpropanethioate 22 (5.0 g, 25.8 mmol) and Lawesson's 
reagent (6.25 g, 0.6 equiv., 15.5 mmol) in dry toluene (75 mL) was heated under 
reflux for 22 h After cooling to room temperature, the volatiles were evaporated in 
vacuo and the residue was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : diethyl ether = 95:5, v/v) to give 5.08 g (94%) of dithioester 
23, as an oil. [<x]D25=-5.50 (c=5,84, CHCI3). 
1H NMR (CDCI3): δ 1.23 (t, 3H, J=6Hz, -S-CH2-CH3), 1.70 (d, J=7.5 Hz, 3H, Ph-CH-
CÜ3), 3.07 (q, 2H, J=6Hz, -S-CH2-CH3), 4.60 (q, 1H, J=7.5 Hz, Ph-CJd-CH3), 7.00-
7.53 (m, 5H, Ar) ppm. 
IR (CCI4): ν 2920 (s), 2870 (s), 1600 (m), 1165 (s, C=S), 1100 (s), 1025 (s), 970 (s), 
900 (vs) cm·1. 
MS(EI) m/e: 210 (M+), 149 (PhCH(CH3)C=S+), 105 (PhCH(CH3)+) 
(1-Phenylethyl) ethylthiosulfine (24) 
Starting from dithioester 23 (2.0 g, 9.5 mmol) and m-CPBA (2.2 g, 1.0 equiv., 70-75% 
pure, 95 mmol) sulfine 24 was synthesized according to the procedure used for 
sulfine 4a. The crude product was purified by column chromatography (silica gel 60, 
petroleum ether 60-80°C : ethyl acetate = 3:1, v/v), to give 1.44 g (66%) of sulfine 24, 
as an oil. [ a ] o 2 5 = +0.072 (c=13.95, CHCI3), immediately after the synthesis. 
1 H NMR (CDCI3) of the Z-isomer (deduced from the spectra of the EIZ mixture): δ 
1,18 (t, 3H, J=7.5Hz, -S-CH2-CÜ3), 1.57 (d, 3H, J=7.5 Hz, Ph-СН-СЫз), 3.30 (q, 2H, 
J=7.5Hz, -S-CM2-CH3), 4.00 (q, 1H, J=7.5 Hz, Ph-CM-CH3), 7.07-7.55 (m, 5H, Ar) 
ppm. 
'H NMR (CDCI3) of the Ε-isomer (deduced from the spectra of the EIZ mixture): δ 
1,18 (t, 3H, J=7.5Hz, -Б-СНг-Сиэ), 1.57 (d, 3H, J=7.5Hz, Ph-СН-Сиз), 2-57 (q, 2H, 
J=7.5Hz, -S-CH_2-CH3), 5.42 (q, 1H, J=7.5Hz, Ph-CM-CH3), 7.07-7.55 (m, 5H, Ar) 
ppm. 
IR (CCI4): ν 2920 (mi, 1410 (s), 1270 (s), 1240 (s, C=S), 1090 (s, C=S=0), 1060 (s, 
C=S=O),890(s)cm-'·. 
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MS(EI) m/e: 226 (M+), 178 (M+-[SO]), Ю5 (PhCH(CH3)+). 
EI/HRMS m/e: 226.04835 ±0.00088 (cale, for C11H14OS2 (M+): 226.04861). 
Rearrangment of sulfine 24 
A solution of sulfine 24 (0.805 g, 3.6 mmol) in dichloromethane (25 mL), while 
protected from light and kept under argon, was stirred for 1 month. Then the volatiles 
were evaporated under vacuo and the residue was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 3:1, v/y) to 
give three fractions; /S-ethyl 2-(phenyl)propanethioate 22 (0.196 g, 28%), [<x]rj25= 
0.00 (CHCI3), as an oil; //S-ethyl 2-phenyl dithioperoxy-propanoate 25 [ a ] [ > 2 5 = 
0.00 (CHCI3), as an oil (0.246 g, 31%), ///' (1-ethylthio-2-phenyl-1-propenyl)thiolo (1-
ethylthio-2-phenyl-1-propenyl) sulfinate 26 (0.150 g, 10%) as an oil. 
Spectral data of 22, see above; 
Spectral data of 25: 
"Ή NMR (CDCI3): 5 1.15 (t, 3H, J= 7Hz, -S-CH2-CJJ3), 1.47 (d, 3H. J=6.5 Hz, Ph-CH-
CÜ3), 2.60 (q, 2H, J= 7Hz, -S-CÜ2-CH3), 4.00 (q, 1H, J=6.5 Hz, Ph-CH-CH3), 7.23 
(s, 5H, Ar) ppm. 
13c NMR (CDCI3): δ 14.6 (q, SCH2Ç_H3), 18.5 (q, Ph-CH-QH3), 23.6 (t, SÇ_H2CH3), 
54.3 (d, Ph-C_H-CH3), 127.5 (d, Ph), 128 (d, Ph), 128.7 (d, Ph), 141.3 (s, Ph), 206.3 
(C=0) ppm. 
IR (CCI4): ν 2980 (s), 1723 (vs, -S-S-C=0). 1453 (m), 923 (vs) cm-1. 
IR(CS2):v 921 (vs), 785 (vs), 765 (s), 4.65 (vs) enr1· 
MS(EI) m/e: 226 (M+), 165 (PhCH(CH3)C(0)S+). 133 (PhCH(CH3)C=0+), 105 (PhCH(CH3)+). 
MS(CI) m/e: 227 (M++1), 133 (M+-SSEt), 105 (Ph-CH-CH3+, 100%). 
CI/HRMS m/e: 227.05656 ±0.00088 (cale, for Ci 1H15OS2 (M++1): 227.05643). 
Spectral data of 26: 
1H NMR (CDCI3): δ 1.29 (t, 6H, J= 7.3 Hz. -S-CH2-CÜ3), 1.99 (s, 6H), 3.17 (q, 2H, J= 
7.3 Hz, -S-CH2-CH3), 3.2 (q, 2H, J= 7.3 Hz, -S-CH2-CH3), 7.2-7.6 (m, 10H). ppm 
13C NMR (CDCI3): δ 11.7 (q, SCH2C_H3), 30.1 (q, C=C-Ç_H3), 32.3 (t, SC_H2CH3), 
126.0 (d, Ph), 127.8 (d. Ph), 128.2 (d, Ph), 128.6 (s, Ph), 133.1 (s, C=C). 144.3 (s, 
C=C) ppm. 
IR (CCI4): ν 3380 (br, m), 3080, 3060, 3030, 2980 (s), 2930 (s), 1450 (s), 1350 (s). 
1135 (s), 1085 (s), 1055 (vs), 915 (vs) cm"1. 
MS(CI) m/e; 435 (M++1), 419 (M+-0), 209 (Ph[CH3]C=C[SEt]S+). 
CI/HRMS m/e: 435.0947 ±0.0017 (cale, for C22H27OS4 (M++1): 435.0946). 
Photolysis of sulfine 24 
A solution of sulfine 24 (0.500 g, 2.2 mmol) in tetrachloromethane (500 mL) was 
irradiated at 300 nm for 2.5 h. The reaction mixture was concentrated in vacuo and 
the residue was purified by column chromatography (silica gel 60H, petroleum ether 
60-80°C : ethyl acetate= 3:1, v/v) to give 0.309 g (72%) of thiolo-es\er 22 as an oil 
[a] D 25= o.OO (c=7.5, CHCI3). 
Spectral data of 22, see above. 
N-tert. Butyloxycarbonyl-dithioleucine methyl ester thiono-S-ox/de (31) 
Starting from N-Boc-dithioleucine methyl ester 30 (0.655 g, 2.48 mmol) [synthesized 
according to Lawesson38] and m-CPBA (0.544 g, 70-75% pure, 1.0 equiv.), sulfine 
31 was synthesized according to the procedure used for sulfine 4a. The crude 
33 
product was purified by column chromatography (silica gel 60, petroleum ether 60-
80°C : ethyl acetate 3:1, v/v) to give 0.438 g (63%) of sulfine 31 as a white solid, 
m.p.: 63-640C, [ O C ] D 2 5 = +68.7 (c=7.5, CHCI3) 
1H NMR (CDCI3): δ 0.95 (d, J=5Hz, 6H, (СНз^СН), 1.45 (s, 9H, t-Bu-0-C=0), 1.5-1.8 
(m, 3H, (CH3)2CtL-Ctl2-). 2.37 (s. 3H, SMe),. 4.51 (m, 1H, CH-N), 4.9 (broad d, 1H, 
NH) ppm. 
IR (CCI4,): ν 3438 (s, Ν-Η), 2920 (m), 1720 (s, N-C=0), 1485 ís), 1365 (m), 1160 (s, 
C=S=0). 1060 (s, C=S=0), 1045 (ms), 1015 (ms), 910 (vs) cm-1. 
MS(CI) m/e: 294 (M++1), 57 (t-Bu+). 
CI/HRMS m/e: 294.12006 ±0.00088 (cale, for C12H24N03S2 (M++1): 294.11976). 
N-tert. Butyloxycarbonyl-dithioleucine methyl thiolo-esfer (32) 
A solution of sulfine 31 (0.330 g, 1.18 mmol) in dichloromethane (25 mL) protected 
against light, was stirred for 1 month. Then the volatiles were evaporated under 
vacuo and the residue was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to give 0.200 g (61%) of 32 as a 
white solid, m.p.: 94°C. 
[a]D25= -50.8 (c=7.0, CHCI3). 
1H NMR (CDCI3): 5 0.95 (d, 6H, J=5Hz, (Сиз)гСН), 1.45 (s, 9H, t-Bu-0-C=0), 1.5-1.9 
(m, 3H, (CH3)2CtL-Cti2-). 2.45 (s, 3H, SMe), 4.9 (broad d, 1H, NH), 5.51 (m, 1H, CH-
N) ppm. 
IR (CCI4): ν 3436 (S), 2920 (m), 1717 (s, N-C=0), 1690 (s, S-C=0), 1480 (s), 1370 
(m), 1170 (s), 1045 (ms), 1015 ms), 960 (vs) cm"1. 
MS (Cl) m/e: 262 (M++1), 186 (M+-0=C-S-CH3), 57 (t-Bu+). 
CI/HRMS m/e: 262.14767 ±0.00088 (cale, for C1 2H24N03S (M++1): 262.14769). 
Ethyl 2,2-dimethyl-propanethioate (34) 
A solution of 2,2-dimethyl-propanoyl chloride 33 (17.6 g, 0.146 mol) in diethyl ether 
(50 mL) was added to a solution of ethanethiol (9.07 g, 0.146 mol), triethyl amine 
(14.8 g, 0.146 mol) in diethyl ether (200 mL) while kept at 0°C. During the addition a 
white precipitate is formed. After the addition was completed the reaction mixture was 
stirred for 5 h and the precipitate was removed by filtration and the solids were 
washed with diethyl ether (4 χ 30 mL). The filtrate was concentrated in vacuo, to give 
17.8 g (84%) of rrt/o/o-ester 34 as an oil. 
1 H NMR (in CDCI3): δ 1.23 (t, 3H, J=7.5Hz, CH2-CÜ3), 1.27 (s, 9H, С(Сиз)з), 2.80 
(q, 2H, J=7.5Hz, S-CÜ2-) PP™· 
IR (CCI4): ν 1680 (EtS-C=0), 2880, 2870, 2860, 2830, 2805 (C-H). 
Ethyl 2.2-dimethyl-propanedithioate (35) 
Lawesson's reagent (29.6 g, 0.07 mol) was added to a solution of f/7/o/c-ester 34 
(17.8 g, 0.122 mol) in toluene (100 mL). After heating under reflux for 12 h, the 
reaction mixture was cooled to room temperature and the product was distilled under 
vacuo, to give 14.6 g (74%) of the dithioester 35, b.p.: 105-110 °C/20 mmHg 
1 H NMR (in CDCI3): δ 1.3 (t, 3H's, CH2-CÜ3),. 1.5 (s, 9H's, С(СНз)3), .3.15 (q, 2H's, 
S-CÜ2-) PPm· 
IR(CCl4): ν 1420, 1100 (-S-C=S), 2940, 2890 (C-Η) cm'1· 
Teñ-butyl(ethylthio)sulfine (36) 
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Starting from dithioester 35 (1.55 g, 9.6 mmol) and m-CPBA (2.2 g, 75% pure, 9.6 
mmol), sulfine 36 was synthesized according to the procedure used for sulfine 4a. 
The crude product was purified by column chromatography (silica gel 60, petroleum 
ether 60-80°C : ethyl acetate = 3:1, v/v, Rf= 0.27) to give 1.52 g (89%) of 36, in the Z-
form, as a yellow oil. 
1H NMR (in CDCI3): δ 1.33 (s, 9H, С(СИз)з), 1.43 (t, ЗН, J=7.5Hz, СН2-СЫз), 3.53 (q, 2Н, J=7.5Hz, S-CÜ2-) PPm. 
IR(CCl4): ν 1140, 1060 (C=S=0), 2970, 2930, 2900, 2870 (C-Η) cm"1· 
MS(EI) m/e: 178 (M+), 161, 130, 101 ((CH3)3C=S, 100%), 57 ((CH3)3C+). 
MS(CI) m/e: 179 (M++1), 117 (M+-SCH2CH3), 101 ((CH3)3C=S), 57 ((CH3)3C+, 
100%). 
Rearrangement of sulfine 36 
A solution of sulfine 36 (0.200 g, 1.12 mmol) in dichloromethane (20 mL) protected 
from light was heated under reflux. After 8 h the volatiles were removed in vacuo to 
give 0.200 g (100%) of 37. 
ІН NMR (in CCI4): δ 1.20 (t, 3H, J=7.5Hz, СН2-СЫз), 1-30 (s, 9H, С(СЫз)3), 2.63 (q, 
2Н, J=7.5Hz, S-CÜ2-) ppm. 
IR(CCI4): ν 1700 (-S-S- C=0), 2965, 2925, 2900, 2870 (C-H), 925 cm"1. 
Modified conditions: 
A solution of sulfine 36 (0.200 g, 1.12 mmol) in dichloromethane (20 mL) protected 
from light, was stirred at room temperature. After 6 months the volatiles were removed 
in vacuo, to give E- and Z-(ferf-butyl)(ethylthio)sulfine in a ratio of 1:1 as an oil. No 
rearranged product was isolated. 
Spectral data of Z-isomer, see above. Spectral data of E-isomer: 
1H NMR (in CDCI3): δ 1.33 (s, 9H, С(Сиз)з), 1.43 (t, ЗН, J=7.5Hz, СН2-СН3). 2.73 
(q, 2H, J=7.5Hz, S-CH2-) ppm. 
IR(CCl4): ν 1140, 1060 (C=S=0), 2970, 2930, 2900, 2870 (C-Η) cm"1. 
A solution of sulfine 36 (0.200 g, 1.12 mmol) and 3-fert.-butyl-4-hydroxy-5-methyl-
phenyl sulfide 38 (50 mg, 0.13 mmol) in dichloromethane (20 mL) protected from 
light was heated under reflux. After for 48 h the reaction mixture was cooled to room 
temperature and the volatiles were removed in vacuo. The residue consisted of E-
and Z-(fert-butyl)(ethylthio)sulfine in a ratio of 1:1. No rearrangement was observed. 
Methyl 2-methyl-propanedithioate (40) 
Starting from 2-chloro-propane 39 (3.14 g, 40 mmol), magnesium turnings (1.26 g, 
51.9 mmol), carbon disulfide (3.05 g, 40 mmol) and methyl iodide (7.1 g, 50 mmol) 
dithioester 40 was synthesized according to Brandsma45. The crude product was 
purified by distillation in vacuo to give 4.64 g (86.5%) of 40. 
1H NMR (in CDCI3): δ 1.31 (d, 6H, J=7Hz, CH3-C-CH3-), 2.61 (s, 3H, -S-CH3), 3.42 
(septet, 1H, J=7Hz, (CH3)2C-H.) ppm. 
IR(CCl4): ν 1200, 1090 (C=S) crrr1. 
2-propyl(methylthio)sulfine (41 ) 
Starting from dithioester 40 (2.01 g, 15 mmol) and m-CPBA (3.43 g, 75% pure, 15 
mmol) sulfine 41 was synthesized according to the procedure used for sulfine 4a. 
The crude product was purified by column chromatography (silica gel 60, petroleum 
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ether 60-80°C : ethyl acetate = 3.1, v/v) to give 1.92 g (85%) of 41, in an EIZ ratio of 
1.2. 
1H NMR (in CDCI3) of the Ε-isomer: δ 1 23 (d, 6H, J=7Hz, CH3-C-CH3-), 2 82 (s, 3H, 
-S-CH3), 4.1 (septet, 1H, J=7Hz, (CH3)2C-H) ppm. 
IR(CCI4): ν 1140. 1090 (C=S=0) спт* 
Spectral data of the Z-isomer 
1H NMR (in CDCI3): δ 1.23 (d, 6H, J=7Hz, CH3-C-CH3-), 2 45 (s, 3H, -S-CH3), 4 1 
(septet, 1H, J=7Hz, (CH3)2C-H) ppm. 
IR(CCI4): ν 1140, 1090 (C=S=0) cm"1. 
2-methyl-propanedithioperoxy methylester (42) 
A solution of sulfine 41 (0 200 g, 1.33 mmol) in dichloromethane (20 mL) protected 
from light, was stirred at room temperature for 24 h. The volatiles were removed in 
vacuo, to give 0.200 g (100%) of dithioperoxyester 42. 
1H NMR (in CDCI3): δ 1 30 (d, 6H, J=7.5Hz, CH3-C-CH3-), 2.40 (s, 3H, -S-CH3), 
2.88 (septet, 1H, J=7.5Hz, (СН3)2С-Н_) ppm. 
IR(CCI4): ν 1718 (-S-S-C=0) cm"1. 
MS(CI) m/e: 151 (M++1), 71 ((CH3)2CHCH=0+, 100%). 
CI/HRMS m/e: 151.02514 ±0.00088 (cale. f o r C s K I ^ C ^ (M++1): 151 02513). 
Modified conditions: 
A solution of sulfine 41 (0.200 g, 1.33 mmol) and 3-iert-butyl-4-hydroxy-5-methyl-
phenyl sulfide 38 (50 mg, 0 13 mmol) in dichloromethane (20 mL) protected from 
light, was stirred at room temperature for 96 h. The volatiles were removed in vacuo, 
to give 0.200 g (100%) of dithioperoxyester 42. 
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CHAPTER 3 
THE HETEROCONJUGATE ADDITIONS TO 1-PHENYLTHIO-
VINYLSILANES 
3.1. Introduction 
In the introductory chapter it was described that oxidation of thiocarbony 
compounds is a general method for the synthesis of sulfines. Another valuable 
approach to the preparation of sulfines involves the use of a modified Peterson 
reaction whereby a-silyl carbanions are brought into reaction with sulfur dioxide. 
The required a-silyl carbanions can be synthesized according to two methods. 
The first one is silylation of an activated methylene compound and subsequenl 
deprotonation of these silyl compounds (see chapter 1, Scheme 1.7). When chiral 
active methylene compounds are used as starting material, chiral sulfines can be 
synthesized1. 
The second method for the preparation of a-silyl carbanions is ß-addition oí 
appropriate nucleophilic agents, such as organolithium compounds, to activated 
vinylsilanes2 (Scheme 3.1). The ß-addition, commonly known as heteroconjugate 
addition, can be used to prepare chiral sulfines, as is shown in Scheme 3.1. 
H 
,SiMe3 MeLi 
R'O SO¡>Ph 
SOfePh 
for example: ρ 
О OMe 
O SQ>Ph 
Vi 
syn-attack 
and 
R'O Me 
SOfePh 
S 
О 
R=Ph; PhCH2 ; CH 3 
de. £ 95% 
,OMe 
88% 
60% 
d.e>95% 
d.e>95% 
Scheme 3.1 
The heteroconjugate addition of methyllithium to a vinylsilane takes place in a 
complete stereocontrolled fashion, when the organolithium reagent is coordinated 
with an appropriately positioned ether function. Such a diastereoselective syn attack 
of an alkoxy substituted vinylsilane was first demonstrated by Isobe et al3. The 
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stereocontrolled heteroconjugate additions, shown in Scheme 3.1, take place with 
almost quantitative optical yields and the corresponding chiral sulfines were isolated 
in high yields as cycloadducts with 2,3-dimethyl-1,3-butadiene4. 
In the case of phenylthio-substituted vinylsilanes, heteroconjugate addition of 
nucleophiles can only be achieved in the presence of tetramethylethylene diamine 
(TMEDA)5. This inevitable use of TMEDA has a significant influence on the 
stereochemistry of the heteroconjugate addition, viz. the nucleophiles will now be 
introduced in an anti orientation with respect to the alkoxy group (Scheme 3.2)5. 
*° 
OMe SPh OMe S 
1.3 equiv. nBuLiTTMEDA I II I.MeLi 
• ι 1.3 equiv. nBuLiTTMEDA I M 
S¡Me3 Et2O/0°C ' : SPh 2. H+ 
2. S02 nBu 
1 a 2 (not isolated) 
MeN „ o 
MeO S " OMe SMe ОМ О 
- ^ V ^ S P h ' 4 " / 4 ^ S P h МаНСОз ' " " S ^ H 
- - Ζ. 
nBu nBu "Bu 
3 су. 20% 4 су. 50% 5 су. 30% d.e. 95% 
Scheme 3.2 
3-Methoxy-1-phenylthio-1-trimethylsilyl-1-butène (1a) was synthesized by Hermans 
in a one pot reaction starting from ester6 6a. The required (unstable) aldehyde was 
generated in situ by a DibalH reduction, in the presence of silyl anion of 7, giving 
vinylsilane 1a in 45% yield (Scheme 3.3). This direct synthesis of vinylsilanes, 
without isolation of aldehydes, deserves some further investigation. The results are 
described in this chapter. The one-pot Peterson reaction also offers a convient route 
for the synthesis of vinylsilanes, having a chiral center on the γ-carbon atom, by 
starting from chiral esters. Some vinylsilanes were synthesized from suitable 
carbohydrates and amino acids. 
Furthermore, the heteroconjugate addition to vinylsilanes having a phenylthio 
substituent as the second activating group was investigated in more detail. 
V, 1.UC(SiMe3)2SPh(7) OMe SiMi 
^ V , -™°C,THF , J^J^ 
- ο ι an,,;,. r\;k.aiu -^ ^ - ^ < 
OMe 
6 a 1a 
Scheme 3.3 
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3.2. Results and discussion 
3.2.1. Synthesis of phenylthio-substituted vinylsilanes from esters by the one-pot 
Peterson reaction 
The synthesis of phenylthio-substituted vinylsilanes by a one-pot Peterson reaction 
from esters is an attractive short route to these substrates. Before investigating a 
series of chirale esters, it was considered worthwhile to optimize the conditions for 
this Peterson reaction for a model substrate, for which methyl benzoate was 
choosen. The reaction temperature turned out to be a critical variable in this 
condensation. 
To study the influence of the temperature, the reaction was performed by addition 
of one equiv. of methyl benzoate (6b) at 0°C, -18°C and -78°C respectively, to a 
solution of bis(trimethylsilyl)(phenylthio)methyllithium (7)7 in THF, and subsequent 
addition of one equiv. of DibalH. The highest yield of vinylsilane 1b was obtained at 
-18°C, namely 77%, while at 0°C and -78°C, the yields were 21% and 20%, 
respectively (see Table 3.1). The result at -18°C is comparable with the Peterson 
reaction of benzaldehyde with bis(trimethylsilyl)(phenylthio)methyllithium, which 
gave vinylsilane 1b in 79% yield. 
O 1.LiC(S¡Me3)2SPh(7) S¡Me3 
N X°C,THF Ptu^JL 
PIT^OEt 2.1 equiv. DibalH 4 * " " ' ^ P h 
(X=0, -18, -78) 
6 b 1 b 
Scheme 3.4 
When ethyl 2-methoxy-propanoate (6a) was reacted at -18°C, instead of at -78°C, 
the yield of vinylsilane la was only 19%, suggesting that the optimum temperature 
is different for every ester used. This reaction is also sensitive to change of the 
solvent, e.g. the conversion of 6a into 1a in dry diethyl ether at -78°C was not 
successful. 
The presumed optimal reaction condition was also tested with other silyl 
compounds. Reaction of bis(phenylthio)(trimethylsilyl)methyllithium8 (8) at -18°C 
with methyl benzoate (6b) in THF and DibalH gave, after work-up, 82% of ketene 
dithioacetale 9. 
О 1.LiC(SPh)2SiMe3 (β) SPh 
Д dJfÇJHF „ P h ^ J l 
Phi OEt 2.1 equiv. DibalH ^ ^ SPh 
6b 
Scheme 3.5 
The reaction of the anion of bis(trimethylsilyl)(phenylsulfonyl)methane9 with 6b 
was not successful. This sulfonyl derivative gave upon deprotonation mainly 
desilylated methyl phenyl sulfone. Due to the instability of this silyl anion only traces 
of vinylsilanes were obtained. 
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Addition of ethyl phenylacetate (6c) to a solution of bis(trimethylsilyl) 
(phenylthio)methyllithium (7) in THF at -78°C and subsequent addition of one equiv. 
of DibalH, gave, after work-up, a quantitative recovery of starting materials. 
Quenching the reaction mixture of 6c and 7 with deuterium oxide gave the a-
bisdeuterated ester 6c and no deuterated bis(trimethylsilyl)(phenylthio)methane. 
This result shows that the sequence of reactions used with the one-pot Peterson 
procedure is very sensitive to the acidity of the α-hydrogen of the ester used. 
Deprotonation of the ester by a-silyl carbanion of 7 was also observed when ethyl 3-
phenylpropanoate (6d) and methyl 2-phenyl-2-methoxy-acetate10 (6e) were used 
as starting materials in the one-pot Peterson reaction. Ethyl 2-methylpropanoate (6f) 
was partially deprotonated, the corresponding vinylsilane 1f was obtained in low 
yield, viz. 7% (Table 3.1). 
Table 3.1. Conversion of esters into vinylsilanes by the one-pot-Peterson reaction 
no 
6a 
6a 
6b 
6b 
6b 
6c 
6d 
6e 
6f 
eg 
6h 
6i 
12a 
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0 
V^E, 
MeO 
О 
V-OE. 
MeO 
0 
U 
Ph'^OMe 
о u 
Ph^OMe 
0 
и 
Ph OMe 
P h
^ O E t 
0 
P h - ^ ^ O E t 
0 
P h ^ A - . , 
χ ОМ 
ОМ 
О 
Y^OEt 
t-BuMe2SiO 
0 
P l / ^ V ^ O E t 
OMe 
M e 2 N ^ 0 E t 
Reaction temp. (°C) 
-18 
-78 
0 
-18 
-78 
-78 
-78 
-78 
-78 
-78 
-18 
-78 
-78 
vinylsilane 
1a 
1a 
1b 
1b 
1b 
1c 
1d 
1e 
1f 
i g 
1h 
11 
15a 
yield (%) 
19 
40 
21 
77 
20 
0 
0 
0 
7 
65 
41 
0 
25 
41 
2,3-0-lsopropylidene-y-lactone 6 i 1 1 was reduced with DibalH, but the formed 
hemiacetale did not open to the aldehyde form, and consequently no vinylsilane 
was obtained. 
The reaction sequence works with ethyl 2-methoxy-propanoate5 (6a), ethyl 2-tert.-
butyldimethylsiloxypropanoate (6g) and ethyl 3-phenyl-2-methoxy propanoate12·13 
(6h) to give in acceptable yields the corresponding vinylsilanes 1a, 1 g and 1h 
respectively, as is shown in table 3.1. The use of ester 6g shows that the tert.-
butyldimethylsilyl group is stable under the conditions used and therefore, the 
synthesis of the γ-hydroxy vinylsilanes is feasible. 
Inspired by the good results obtained by Reetz et a/14 with Michael additions to γ-
dibenzylamino-a,ß-unsaturated esters, the synthesis of γ-dibenzylamino-
vinylsilanes, from the corresponding protected amino esters was undertaken. 
The conversion of ct-amino-carboxylic esters 11 into the corresponding N,N 
-dibenzyl derivatives15 12 can readily be accomplished by reaction with benzyl 
bromide in the presence of sodium hydroxyde and potassium carbonate in ethanol 
as the solvent (see Scheme 3.6). 
R \ / ^ O H S 0 C I2 , R \ Z ^ o R 1 BnBr· E t 0 H · Δ . R V ^ ^ 
i R1OH І NaOH,K2C03 Ϊ 
NHz NHz NBrfe 
1 0 1 1 12 
b i : R=PhCH2/R1=CH3:b2: R=PhCH2/R1=CH2Ph: d: R=CH3/R1=CH2Ph: 
e i : R=Ph/R1=CH3:e2: R=Ph/R1=CH2Ph 
Scheme 3.6 
Proline methyl ester hydrogen chloride salt (11c) was /V-benzylated in high yield 
by a reductive amination using benzaldehyde and sodium cyanoborohydride in 
methanol (Scheme 3.7). 
MeOH 
/ V / ? KOH, NaCNBHa / \ _ / P 
H'©VH OMe V Ν
 0 
® ph-^o Β" M/ 
11c 12c 
Scheme 3.7 
In addition, an /V-Boc, /V-benzyl derivative of phenylglycine 12g was prepared by 
mono-benzylation of phenylglycine methyl ester (11ei) and subsequent reaction 
with di-fert.-butyldicarbonate (Boc20), as depicted in Scheme 3.8. 
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Scheme 3.8 
α-Amino acids are an attractive source of chiral esters. Therefore, the one-pot 
Peterson procedure was attempted with W,/v"-dimethylglycine methyl ester 12a at 
standard conditions at -78°C. This amino ester 12a gave vinylsilane 15a in a 
moderate yield of 25%. 
The /V-protected amino esters 12 were all subjected to the one-pot Peterson 
procedure. Disappointingly, the desired vinylsilanes could not be obtained in this 
manner. To gain more information about this reaction of /V-protected amino ester, 
the A/,/V-dibenzylamino esters 12bi,b2,d and e were reduced with DibalH, using 
various conditions, viz by changing the solvent (THF, toluene, diethyl ether), reaction 
temperature (-78°C, -18°C, 0°C) and the number of equiv. of DibalH. (1 equiv., 2 
equiv. and 3 equiv.) In all cases the DibalH reduction resulted In a mixture of starting 
ester, Λ/,/V-dibenzylamino alcohol 13 and traces of the desired /V,/V-dibenzylam¡no 
aldehyde 14. (Scheme 3.9). 
NBns 
о 
12 12 13 14 
bi : R=PhCH2/R1=CH3: Ьг: R=PhCH2/R1=CH2Ph: 
d:R=CH3/R1=CH2Ph : ег: R=Ph/R1=CH2Ph 
Scheme 3.9 
In the case of the /V-benzoyl proline methyl ester16 12h, reaction with DibalH led to 
a reductive cleavage of the amide bond, to give benzaldehyde and proline methyl 
ester. 
Jurczak eia/.1 7 reduced /V-fe/t-butoxycarbonyl, W-benzyl alanine methyl estorto 
the corresponding aldehyde with DibalH in good yield. When the same procedure 
was used for W-ferf.-butoxycarbonyl, W-benzyl phenylglycine ethyl ester 12g, a 
mixture of products was obtained with only a trace of aldehyde14g (Scheme 3.10). 
B % ' B o c B r 4 N „
B o c
 Brv. Boc 
ì o M e 1 е Я и і РІЬаІН. Stating J L ^ O H
 + JL^H 
Ph^ ^ -78PC,THF ™ 1 β π β | P h i 4 · ' ' P " l f 
О О 
12g 12g 13g 14g 
Scheme 3.10 
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These experiments with protected amino esters show that the reduction with 
DibalH does not produce the desired aldehydes required for the Peterson reaction. 
Therefore, alternative routes to obtain the required aldehydes need to be 
considered (see section 3.2.2.). 
The results presented in this section lead to the conclusion that the one-pot 
Peterson procedure has two important limitations, viz.. 
- The α-hydrogen of the ester should not be too acidic, to avoid undesirable proton 
exchange with the α-silyl carbanion 
- The reduction with DibalH must lead to the aldehydes in a fast and efficient 
reaction. 
3.2.2 Synthesis of phenylthio-substituted vinylsilanes from functionalized aldehydes 
As the one-pot Peterson reaction did not give the desired γ-amino-vinylsilanes, 
these compounds were synthesized from a-amino-aldehydes which in turn were 
prepared from α-amino esters by reduction to the corresponding amino alcohols, 
followed by a Swern oxidation of the primary alcohol function. The total sequence 
for the synthesis of vinylsilanes 15b,d and is depicted in Scheme 3.11. 
NHz 
0 
1 0 
1. 
2. 
Scheme 3.11 
OH 3 equiv. BnBrA 
NaOH, EtOH, K 2 C0 3 
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 Τ ι 
O Ph 
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b: R= PhCH2; d: R= Me: e: R=Ph 
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NBrfc SiMe3 
R ^ S P h 
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,UH 
The protected amino esters 12b,c,d and e were reduced with lithium aluminium 
hydride in diethyl ether to the corresponding alcohols 13 in high yields. The amino 
alcohols 13 were obtained in higher purity, when the crude reaction product of the 
reduction, was first acetylated to the corresponding acetates 16 (which were 
subjected to chromatography) and then regenerated by treatment with a catalytic 
amount of potassium cyanide in methanol18. An example is shown in Scheme 3.12. 
Γ Λ / Ρ 1.LiA.H4,Et2q Γ Λ . MeOH, ΓΛ 
Yb 2 С Н э С 0 С І Ϊ OAc K C N >^Лэн 
Bn
 M / Bn Bn 
12c 16c
 1 3 c 
Scheme 3.12 
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/V-Benzoyl L-ргоІіп methyl ester (12h) was selectively reduced in fert.-butyl 
alcohol with sodium borohydride19, to give the /V-benzoyl-prolinol in 89%. 
The amino alcohols 13 were oxidized, using the Swern method, to the 
corresponding amino aldehydes 14 in good yields. It should be noted however that, 
in order to avoid racemization, it is essential that these aldehydes were purified 
immediately by a quick passage over a short silica gel 60H column. The aldehydes 
thus obtained were subjected to the Peterson reaction with bis(trimethylsilyl) 
(phenylthio)methyllithium 7 to give vinylsilanes 15 in acceptable yields (Table 3.2). 
This Peterson reaction was not successful for /V-benzoyl-L-prolinal 14h (obtained 
from 13h in 91%). 
Table 3.2 Synthesis of γ-amino vinylsilane from α-amino aldehydes 
Starting material 
no 
1 3 b 
13c 
1 3 d 
1 3 e 
Amino alcohol 
P h i 
(PhCH 2 ) 2 N^ 4 "' O H 
* ·
Ν
\ - Ο Η 
Ph-' 
(PhCH2)2N*^-'O H 
y-OH 
(PhCH2)2N»< 
Ph 
Ammo aldehyde 
no 
14b 
14c 
14d 
14e 
yield (%) 
93 
99.6 
88 
97 
vinylsilane 
no 
15b 
15c 
15d 
15e 
yield (%) 
61 
45 
63 
59 
A second series of functionalized aldehydes for the preparation of vinylsilanes was 
obtained from naturally occurring synthons, viz. mannitol, malic acid, tartaric acid 
and glucose. 
Periodate cleavage of 1,2,5,6-di-O-isopropylidene-D-mannitol20 18 (readily 
accessible from mannitol (17)) is a convenient route to 2,3-O-isopropylidene 
glyceraldehyde (19)21. Conversion into vinylsilane 1k (mixture of E/Z isomers) using 
the Peterson olefination method was accomplished in 82% yield (Scheme 3.13). 
HO­
H O — 
но— 
MeO OMe 
-OH DMSO, 
-он ^
T o s O H 
-OH 
>u 
HO — NalO« 
— OH 
tx 
-СНгСІг 
17 18 (50%) 
—7¿-0 LiC(SiMe3)2SPh ~~p~0 S¡Me3 
° V V ° THF,-7e°C ° V ^ s A S P h 
1 9 (77%) 
Scheme 3.13 
1k (82%, E:Z = 1:1) 
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The aldehyde 25 required for vinylsilane 11 was prepared from L-(+)-tartaric acid 
(20) by the sequence shown in Scheme 3.14. Esterfication of 23, followed by 
isopropylidenation, reduction, mono-benzylation and Swern oxidation gives 
aldehyde2 2 25 as a trimer, which on destination yields the monomer that was 
immediately converted into the vinylsilane 11 by the Peterson method. 
HO OH 
o о 
OH 
EtOH 
НО ОН М О ОМ 
ί>- X -*- ЕЮ—Ä / > - O E t O O TosOH 
.χ 
о о 
OEt 
2 0 21 (94%) 
оХ 
оХ 
ІАІН4. / V BnBr, DMF РЬ~\. J V _ 
— * • но—> * - о н
 N a H » O—> » -
2 2 (96%) 
1.DMSO,CH2Cl2 
(COCI)2 
'
O H
 2. EtaN 
2 3 (72%) 
oX 
о—- * = o 
LiCjSiMeabSPh^ 
THF,-78°C 
2 5 (88%) 
2 4 (72%) 
ρ SPh 
Р К ^ О ^ ^ ^ Г ^ Ч і М е з 
11 (80%, EZ=1:1) 
Scheme 3.14 
D-Gluconolactone (26) serves as starting material for vinylsilane 1 m as is outlined 
in Scheme 3.15. Isopropylidenation to 27, followed by reduction to 28 and 
subsequent glycol cleavage23 gives aldehyde 29 which then is subjected to the 
Peterson reaction to yield the desired vinylsilane 1m as a 1:1 mixture of E and Ζ 
isomers. 
ρ OH 
/OH \ = o 
OH p-TosOH 
O ^ j X l M e 
r - O H 
MeO OMe 
X ^ , 
MeOH, acetone Q \ 
UOH 
LÍAIH4 
EfeO 
26 2 7 (84%) 2 β (83%) 
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NalO 4, o J O 
H20 " —o\ 
Ы 
LiC(SiMe3)2SPh 
THF, -78°C -*- О 
2 9 (75%) 1 Ш ( 5%, E Z = 1:1) 
Scheme 3.15 
For the preparation of vinylsilane 1n L-malic acid 30 was reduced24 to triol 31 and 
subsequently converted into acetonide 32. Swern oxidation of this isopropylidene 
alcohol 32 gave aldehyde25-26 33, which on treatment with the Peterson reagent 7 
gave 1n as a mixture of E and Ζ isomers in 76% yield (Scheme 3.16). 
/ \ _ 0 H M e 2 S » B H 3 , T H F H O _ / \ _ 0 H acetone. О 
^ 0 ¿' (СНзО)зВ p-TosOH 
HO 
3 0 
1.DMSO, СН2СІг 
2. Et3N 
3 1 (99%) 
LiC(S¡Me3)2SPh 
= 0 THF,-78°C 
-u 
OH 
3 2 (92%) 
SiMe3 
SPh 
Scheme 3.16 
3 3 (67%) 1n(76%,£:Z=1:1) 
3.2.3. Synthesis of phenylsulfonyl-substituted vinylsilanes 
As mentioned in the introductory section, heteroconjugate addition to vinylsilanes 
is greatly facilitated by an electron-withdrawing substituent at the C-1 carbon atom. 
Therefore, the phenylthio-substituted vinylsilanes prepared in the preceding section 
were converted into the corresponding sulfones, with the aim to compare the 
heteroconjugate behavior of the phenylthio- and phenylsulfonyl- substituted 
vinylsilanes. 
Oxidation of phenylthio-substituted vinylsilane 1k with 2.2 equiv. of m-
chloroperbenzoic acid (m-CPBA), gave sulfonyl substituted vinylsilane 34, in 95% 
yield (Scheme 3.17). 
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~^V__. _... m-CPBA / 
MeOH, H 2 0 ' 
1k 3 4 
Scheme 3.17 
Oxidation of γ-amino-vinylsilane 15b with m-CPBA under the same conditions 
produced a complex mixture of products among which only a small percentage of 
the desired sulfone 35b (yield ca. 5%). Similarly, oxidation of vinylsilane 15 with 
m-CPBA gave a mixture of products. Most likely, the /V./V-dibenzylamino group is 
responsible for this failing sulfone formation. This view is supported by the 
observations of Jurczak et al.27 and Reetz et al.2&, namely that oxidation of γ-Λ/,Λ/ 
-dibenzyl-amino-cx.ß-unsaturated esters 36 with m-CPBA at -50°C initially leads to 
AAoxidation, but is followed by a [2,3]-sigmatropic rearrangement to give compounds 
38, as depicted in Scheme 3.18. A similar reaction is conceivable for 15. 
w m-CPBA 
R СНгСІг 
BnjN ι— COzEt \JT R . ^ \ X 0 2 E I 
ONBib 
36 37 38 
R= Me, PhCH2> МегСНСНг, tBuMe2SiOCH2 
Scheme 3.18 
Oxidation of 15 with oxone (potassium peroxymonosulfate, 
2KHS05.KHS04.K2S04)29 in methanol/water however, smoothly gives the desired 
sulfones 35 in high yields (Scheme 3.19, Table 3.3). It is worth noting that no more 
than 2.1 equiv. of oxidant should be used, because an excess oxone gives an 
oxidative removal of the N -benzyl group. The oxidation of the phenylthio group to 
the phenylsulfonyl group does not affect the E/Z ratio of the vinylsilanes.3 
m-CPBA 
R v ^ S ^ S i M e g / CHzCl^ rjoc-^c- R^^- ï^S iMea 
BrçN SPh \ Oxone / Br^N SCfePh 
MeOH, H20 
15 3 5 
Scheme 3.19 
4 
Table 3.3. Oxidation of phenylthio-substituted aminovinylsilanes with oxone 
Starting material 
X=SPh 
15b 
15c 
15d 
15e 
Bn2N SiMe3 
J? SiMe, 
Bn 
Y V X 
BnjN SiMe3 
Bn2N SiMe3 
product 
X=S02Ph 
35b 
35c 
35d 
35Θ 
yield (%) 
90 
89 
90 
91 
Oxidation of vinylsilane 1k (Scheme 3.17) cannot be performed with oxone, 
because the acetonide protecting group function is unstable under the acidic 
condition of the reaction. 
3.2.4. Heteroconjugate addition reactions 
In the introduction to this chapter (section 3.1.) it was shown that heteroconjugate 
addition of organolithium compound to vinylsilanes can be stereochemical^ 
controlled by a stereogenic center at the γ-carbon atom. In addition, heteroconjugate 
addition can produce a-silyl carbanions which can be utilized in the synthesis of 
sulfines by the modified Peterson reaction with sulfur dioxide. On the basis of these 
prospects the reaction of vinylsilanes 1k,l,m and η with organolithium reagents was 
investigated. Reaction of vinylsilane 1k with 3 equiv. of methyllithium in THF in the 
presence of 3 equiv. of TMEDA at 0°C, gave, after aqueous work-up, two products in 
65 and 33% yield, respectively. Structure 39a was assigned to the major product 
and 40 to the minor one. (Scheme 3.20). 
SiMe, 1. 3 equiv. MeLi 
3 equiv. TMEDA 
THF,0°C ^ д 
2. H 2 0 
SiMe3 
HO, / - и ыі 
"•"'Wh+ ΑΛ 
1k 
Me 
39a 
O SiMe3 
SPh 
4 0 
Scheme 3.20 
When 1.1 equiv. of methyllithium and 1.1 equiv. of TMEDA, were used only little 
product formation was observed, viz. 39a in 2% and 40 in 4% yield (along with 
recovery of most of the starting material). When 2 equiv. of each reagent was 
applied 39a and 40 were isolated in 17% and 43% yield, respectively. 
49 
The formation of product 39 can be explained by assuming an initial 
heteroconjugate addition to give an a-silyl carbanion followed by an intramolecular 
substitution reaction of the dioxolane ring with concomitant expulsion of acetone in 
the manner shown in Scheme 3.21, path a whereby 1k reacts in the preferred 
conformation shown (vide infra). Clearly, the elimination of acetone during this 
substitution reaction is a driving force for the formation of the cyclopropane 
derivative 39. The acetone liberated will react with the excess of organolithium 
reagent. This cyclopropane formation resembles the MIRC reaction (Michael 
induced ring closure) of which several examples have been reported30. 
"Ύ 
Me3S 
pathb 
" " ^ S P h 
1k 
RLi 
*~~7^b SiMe3 
Scheme 3 .21 
RLi 
path a 
4 
0 
A. 
•л
 я 
Me 3 Si'Q 4 SPh 
SiMe3 
, н2о н о ^ ч , · ^ 
V. * * γ SPh 
0 π 
л. 
39 
OLi SiMe3 O SiMe3 
' ^ \ ^ u s P h ' - ^ i ^ S P h 
40 
The second product can be rationalized by invoking a deprotonation of the allylic 
proton at the γ-carbon and a subsequent elimination of acetone as depicted in 
Scheme 3.21. Upon aqueous work-up the enolate formed gives ketone 40. Similar 
deprotonation/elim¡nation reactions have been encountered for protected vicinal 
diols in carbohydrate chemistry31. Strong support for the deprotonation/elimination 
pathway b was obtained by using the strong base lithium diisopropylamide (LDA) as 
the reagent. Treatment of vinylsilane 1k with 3 equiv. of LDA gave ketone 40 as the 
exclusive product in 86% yield. 
Table 3.4, Reaction of vinylsilane 1k with RLi (3 equiv.) at 0°C 
RLi 
MeLi 
EtLi 
n-BuLi 
f-BuLi 
PhLi 
iPr2NLi 
CH?=CH-Li 
cyclopropane 
3 9 a 
39b 
39c 
39d 
3 9 e 
-
39f 
(yield %) 
65 
62 
89 
33 
57 
-
88 
ketone 40 (yield %) 
33 
6 
0 
5 
0 
86 
5 
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The reaction pathway shown for methyllithium in Scheme 3.20 was also studied 
for other organolithium reagents. The results are collected in Table 3.4. Sterically 
demanding ferf.-butyllithium gave a modest yield of 39d along with a recovery of 
starting material. In almost all cases ketone 40 is a minor byproduct, therefore this 
heteroconjugate reaction is an attractive synthesis of functionalized cyclopropanes. 
For the cyclopropane formation (path a) it is assumed that the heteroconjugate 
addition takes place in the anti fashion with respect to the substituent at the γ-carbon 
atom, as has been demonstrated for TMEDA mediated reaction of this type. From 
MM-2 minimalization calculations it was shown that there is a large energy 
difference between the conformations A and B, with conformer В being the 
preferred conformer for both the £ and Ζ isomers. 
""-jAo SiWe3 
^ ' S P h 
Figure 3.1 
By taking into account that vinylsilane 1k reacts as conformer В, as a consequence 
the alkyl substituent and the CH2OH group should have a trans relationship in the 
product. Analysis of the 1H-NMR spectra of product 39e reveals that the coupling 
constant between the two cyclopropyl hydrogens is 6.4Hz. This indicates a trans 
relationship of this two hydrogens. Additional evidence for the trans relationship was 
obtained from 2-D NOESY NMR experiments. The NOESY NMR spectrum clearly 
shows NOE's for both cyclopropyl hydrogens with both methylene protons of the 
methylalcohol substituent, while there is no positive NOE between the two 
cyclopropyl hydrogens themselves. 
In one experiment, viz. heteroconjugate addition of n-butyllithium (3 equiv. and 3 
equiv. TMEDA, temp. 0°C) to vinylsilane 1k, the reaction mixture was quenched 
with methyliodide instead of water. This resulted in methyl ether 41 as the product in 
50% yield (Scheme 3.22). 
1.3 equiv. n-BuLi
 S J M 
3 equiv. TMEDA „ _ / 
THF, 0°C " ^ ч / Г Д 
Тмеі *" γ SPh 
η-Bu 
4 1 
Scheme 3.22 
It should be mentioned that the cyclopropylmethanols 39 undergo a ring opening 
reaction upon treatment with acid, e.g. compound 39c gave on reaction with a trace 
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of acid in THF diene 42 as a mixture of Ζ and E isomers in 78% yield (Scheme 
Э.2Э). 
H<x 
SiMe3 
' H+, THF 
SPh RT 
SPh 
n-Bu 
n-Bu 
39c 42 
Scheme 3.23 
An interesting observation was made when the heteroconjugate addition was 
performed at -78°C, followed by quenching with a saturated aqueous solution of 
sodium chloride. The product, which was isolated in 91% yield, has structure 43a, 
which implies that the initial addition product has been obtained. (Scheme 3.24) 
1.3equiv. n-BuLi ""τ—Ό SiMe3 T—(. 
3equiv. TMEDAt о \ I T B A F „ 
ТНР,-7 °С <CJ N / Y ^ S P h MeOH ^ ^ ^SPh 
2.H20,h4aCI n-Bu n-Bu 
Me3Si^ "SPh 
1k 43a 44 
Scheme 3.24 
Desilylation of this product with tetra-n-butylammonium fluoride (TBAF) in methanol 
leads to product 44 in 83% yield, which is according to a gas chromatographic 
analysis a single compound. This implies that the heteroconjugate addition has 
taken place in a stereoselective manner. In view of previous findings the addition is 
assumed to proceed in the anti fashion with respect to the dioxolane ring in the 
preferred conformation В (Fig. 3.1), thus producing the syn compound 44 as the 
ultimate product (Scheme 3.24). 
It was also attempted to perform a Peterson reaction with the initially formed a-silyl 
carbanion and sulfur dioxide. For this purpose the reaction mixture obtained by 
reaction of vinylsilane 1 к with 3 equiv. of n-butyllithium in the presence of 3 equiv. of 
TMEDA at -78°C was treated with an excess of sulfur dioxide at -78°C. The thus 
obtained sulfine 45 was not isolated but reacted with methyllithium to give 
dithioacetal S-monoxide 46 in 35% overall yield (Scheme 3.25). Product 46 
consisted of four isomers, because of the presence of two nondefined stereogenic 
centres. This result suggests that the newly formed л-butyl containing stereogenic 
centre is completely defined. In view of the discussion given above it is assumed 
that in 46 the л-butyl group is positioned syn with respect to the dioxolane C-0 
bond. No attempts were made to hydrolyze this acetal to the corresponding 
aldehyde 47. In view of the low thermal stability of the sulfine 45 no other 
organoljthium reagents were studied in this sequence. 
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Scheme 3.25 
Heteroconjugate addition of л-butyllithium to phenylsulfonyl-substituted vmylsilane 
34 was performed m the presence of 3 equiv TMEDA (Scheme 3.26) at 0°C In this 
case no cyclopropane formation was observed but the expected addition product 
48 It turned out that this product (yield 80% of crude material) readily undergoes 
desilylation under the conditions of the work-up which resulted in the actual isolation 
of product 48 in 25% yield along with desilylated product 49 in 65% yield 
Treatment of 48 with TBAF in methanol gave desilylation to product 49 in 80% yield 
Gas chromatographic analysis of product 49 revealed that it is a single compound, 
implying that the heteroconjugate addition must have taken place in a 
stereoselective manner When diethyl ether was taken as the solvent instead of THF 
the reaction is also completely stereoselective It is reasonable to assume that also 
in this case an addition in the anti fashion takes place whereby the substrate reacts 
in its preferred conformation В (Scheme 3.26, cf Fig 3.1) Preferential 
complexation of alkyllithium with TMEDA has as a consequence that coordination 
SiM©3 \AA. 
, A , t 
SCfePh 
1 3 equiv n-BuLi — T ^ - o 
3equiv TMEDA
 0 • 
THF, -78°C 
2 NH4CI,H20 
SiMe3 
-A 
η Bu 
4 6 
MeaSi-^^SObPh (В) ^ 
3 4 
SCfePh 
TBAF 
SO^Ph 
n-Bu 
4 9 
и 
MeOH 
Scheme 3.26 
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with either oxygen of the dioxolane ring plays no role anymore and therefore the 
heteroconjugate addition is completely directed by steric factors which leads to anti 
addition in preferred conformation B. Isobe et al.32 performed the reaction of 
phenylsulfonyl vinylsilane 34 with methyllithium in the absence of TMEDA. Under 
these conditions the addition is not stereocontrolled, probably because of an 
opposing and competing directing effect of chelation by the two dioxolane oxygen 
atoms. 
Sulfine formation was also attempted with vinylsilane 34. Treatment of 34 with n-
butyllithium as mentioned above, followed by reaction with an excess of sulfur 
dioxide, leads to sulfine 50 which could not be isolated, but was converted into 
dithioacetal trioxide 51 with methyllithium as is shown in Scheme 3.27. This 
product was isolated in 30% overall yield and has a d.e. of 95% according to GLC 
analysis. The entire reaction sequence was monitored by GLC, which showed that 
the addition step has taken place in ca. 80% and the sulfine formation in ca. 70% 
yield. The bottle neck clearly is the final step, i.e. the methylation of the sulfine to 
dithioacetal S-trioxide 51 (Scheme 3.27). It is assumed that the stereochemistry of 
this reaction is the same as indicated in Scheme 3.26. 
Me3Si SCfePh 
3 4 
3 equiv. n-BuLi 
3 equiv. TMEDA 
THF, -7B °C 
-f- SiMe3 9 
SQpPh 
n-Bu 
S02 (xs) 
-A* X 
SCfePh 
n-Bu 
5 0 
1. MeLi 
2. H20 SQjPh 
n-Bu 
51 
scheme 3.27 
The phenylthio-substituted vinylsilane 11 is structurally related to 1k and therefore 
an analogous behavior may be expected. Indeed, treatment of 11 with 3 equiv. of n-
butyllithium in THF in the presence of 3 equiv. of TMEDA at -78°C followed by 
quenching with a saturated aqueous sodium chloride solution gave heteroconjugate 
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Scheme 3.28 
addition product 43b in 78% (Scheme 3.28). The stereochemistry of this product 
was based on the assumption that the addition takes place in the anti fashion with 
respect to the dioxolane ring in the preferred conformation shown in Scheme 3.28 
(cf. reaction of 1k with n-butyllithium, Scheme 3.24). 
However, when the addition of methyllithium was performed at 0°C, three products 
were isolated, viz. cyclopropane derivative 39g in 21%, carbinol 52a in 43% and 
enone 53 in 13% yield. 
1. 3 equiv. MeLi SiMe3 
3 equiv. TMEDA ^ \ -^>. ,.τ—-¿ 
- - P h - ^ O ^ V \ / \ 0 . 
0°C,THF ·%Ά I Y S P h 
SiMe3 2.H 2 0,NH 4 a O H M e 
39g (21%) 
SiMe3 O SiMe3 
^X^SPh + ^ ^ " ^ ^ S P h 
52a (43%) 5 3 (13%) 
Scheme 3.29 
The cyclopropane 39g arises from a ring closure of the initially formed 
heteroconjugate addition product, with inversion at C-3 and concomitant elimination 
of acetone (Scheme 3.30, path a). It is again assumed that the addition to 
vinylsilane 11 takes place in the anti manner which has the preferred conformation 
as shown in this Scheme (cf. Fig. 3.1, conformation B). The two other products can 
be rationalized by invoking an elimination reaction, initiated by a C-3-H 
deprotonation, and with acetone as the leaving fragment. Subsequent elimination of 
a benzyl alcolate ion produces intermediate enone 54 which then undergoes either 
a 1,4-conjugate addition to give 53 or a 1,2-addition leading to carbinol 52a. 
(Scheme 3.30, path b). 
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Reaction of 11 with л-butyllithium under modified conditions, i.e. addition of 
alkyllithium at -78°C, followed by raising the temperature of the reaction mixture to 
PIT О 
0 1.3 equiv n-BuLi 
H 3equiv TMEDA 
THF.-78°C-> 0°C ^ д 
'°PhS^S,Me3 анго.мнда 
Ph' 
SiMe3 
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он I 
11 
Bu 
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^ХУ^ SPh 
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Scheme 3.31 
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0°C and subsequent quenching with a saturated aqueous sodium chloride solution, 
gave cyclopropane derivative 39h (57%) and carbinol 52b (5%) (Scheme 3.31). A 
product similar to 53 was not observed in this case. 
Analogous to 1k, the elimination path b was also attempted with lithium 
dii'sopropylamide (LDA) as the base. Although there were some indication for the 
presence of 5-benzyloxy-1-phenylthio-1-trimethylsilyl-pent-1-en-3-one ¡n the crude 
reaction product (NMR analysis) this product escaped isolation due to its instability. 
SPh 
PK 
1. 3 equiv. LDA|i 
-7в°С, TV 
2.H20,H
 + 
SiMe3 . 7 t f C 7 H F 
SPh 
11 55 
Scheme 3.32 
The major product had an unexpected structure, namely 55, which was formed as a 
mixture of isomers. The major isomer was purified by crystallization. The formation 
can be explained by a deprotonation of the benzylic moiety and subsequent 
intramolecular heteroconjugated addition (Scheme 3.32). For the stereochemistry 
of the major isomer of 55 it is assumed that the ring closure reaction proceeds in the 
anti fashion and that phenyl group at C-2 takes the least hindered position. In the 
proposed stereochemistry all substituents are in an equatorial position. 
Vinylsilane 1m, derived from arabinose, is also structurally related to substrate 1k. 
Heteroconjugate addition of 3 equiv. of л-butyllithium in THF in the presence of 3 
equiv. of TMEDA at -78°C gave, after quenching with a saturated aqueous sodium 
chloride solution, adduct 43c in 82% yield. The stereochemistry of this adduct is 
based on the expected course of the addition reaction, viz. in the anti fashion with 
respect to the adjacent dioxolane ring, which has the preferred conformation as 
shown in Scheme 3.33. 
PhS„ ,SiMe3 
1m 
1. 3 equiv. n-BuLi 
3 equiv. TMEDA 
THF.-78°C -CU 
г.НгО.Н* 
О 
—ö 
LX^*^^S¡Me3 
O SPh 
4 3 с (82%) 
Scheme 3.33 
In the previous cases of vinylsilanes 1k and 11 the ct-silyl carbanion formed during 
the heteroconjugate addition can undergo a subsequent ring closure to give a 
57 
cylopropane derivative. This reaction takes place when this anion is allowed to 
attain the temperature of ca. 0°C. For vinyl silane 1m these experiments were also 
carried out. The result is depicted in Scheme 3.34. Cyclopropane derivative 39I 
was obtained in 53% when n-butyllithium was used. In addition, product 56a was 
isolated (19%). 
1.3equiv. RLi • I ерь 
3 equiv. TMEDA Α . / 4 / γ + 
THF,0°C -^д °. i u ' V » . 
39І (R=n-Bu) (53%) 
39k (R=Me) (37%) 
391 (R=Ph) (56%) 
HO R SPh 
SiMe3 
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Scheme 3.34 
A similar result was obtained when methyllithium was used in the addition reaction. 
Cyclopropane derivative 39k was isolated in 37% and diol 59b in 41% yield, and in 
addition some unchanged starting material was recovered. With phenyllithium 
cyclopropane derivative 391 was isolated (56%), in addition some 2-phenyl-2-
propanol resulted from the reaction of phenyllithium with liberated acetone. The 
formation of product 56 clearly must be the result of an elimination initiated by an 
deprotonation. From 1H-NMR of 391 it can be seen that the coupling constant 
between the cyclopropane hydrogens has the value of 6.6Hz, which is 
approximately the same as observed for 39e (see page 51). This indicates that in 
391 the cyclopropane hydrogens also have a trans relationship, and probably this is 
also case for 391 and k. The respective pathways leading to either 391,k,I and 
56a,b are presented in Scheme 3.35. The preferred conformation that undergoes 
the heteroconjugate addition is shown in this Scheme. Similar reactions are 
observed in carbohydrate chemistry33. 
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Path a leads to cyclopropane derivative 39 with the Indicated stereochemistry, while 
pathway b produces the by product 56 when alkyllithiums are employed in the 
reaction. It should be mentioned that an elimination reaction according to pathway b 
could not be initiated by LDA. In this case no reaction was observed. 
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Vinylsilane 1n derived from malic acid only showed an elimination reaction upon 
treatment with n-butyllithium, even when the temperature was carefully kept at 
-78°C. The resulting alcohol 57 was isolated as its acetate 58 (Scheme 3.36) in 
67% overall yield. The explanation of the formation of 57 is depicted in Scheme 
3.36 and is essentially an elimination followed by a heteroconjugate addition to an 
intermediate dienylsilane. 
Finally, the heteroconjugate addition to phenylthio-substituted γ-amino-vinylsilanes 
15b-e was investigated with some alkyllithiums, with and without added TMEDA. 
However, no reaction was observed, neither at 0°C, nor at room temperature. 
Apparently, the protected amino moiety reduces the reactivity of the vinylsilanes 
15b-e to such extrems that no heteroconjugate addition takes place. It should be 
noted that an alkoxy substituent at C-γ of phenylthio-substituted vinylsilanes does 
not block the heteroconjugate addition (vide supra). 
When the phenylthio group in vinylsilane 15 is replaced by a phenylsulfonyl unit 
the reactivity towards alkyllithiums is much higher. Treatment of phenylsulfonyl 
containing vinylsilanes 35d with methyllithium or butyllithium at -78°C, in the 
presence of 3 equiv. of TMEDA, produces products 59a and b, respectively 
(Scheme 3.37). 
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As was observed previously, a-silyl sulfones readily undergo desilylation during 
work-up. This was also the case in these reactions. Desilylated compounds were 
obtained as the sole products in yields of 75% and 80%, respectively. It is of 
importance to mention that both products are a single diastereomer, as was 
concluded from a GLC analysis of compounds 59a and b. The stereochemistry is 
based on the assumption that the addition proceeds in the anti fashion (see section 
3.1). 
When vinylsilane 35b derived from phenylalanine was subjected to the above 
mentioned conditions, only elimination of dibenzylamine was observed to give 
dienylsilane 60 (Scheme 3.38). 
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3.2.5 Conclusions 
The one-pot Peterson reaction for the preparation of vinylsilanes from esters has 
some severe limitations, viz. the α-hydrogen of the ester should not be too acidic, to 
avoid undesirable proton exchange with the ct-silyl carbanion and the reduction with 
DibalH must lead to aldehydes in a fast and efficient reaction. Apparently for N-
protected amino esters this condition is not fulfilled. 
The alternative synthesis of phenylthio-substituted vinylsilanes, whereby the 
required starting aldehydes are obtained by oxidation of the corresponding 
alcohols, is more generally applicable. In this manner, vinylsilanes could be 
obtained from mannitol, tartaric acid, gluconolactone and malic acid as starting 
materials. 
The products of the heteroconjugate addition to phenylthio-substituted vinylsilanes 
is dependent on the reaction temperature and other substituents. Vinylsilanes 
derived from amino acids did not give any addition of organolithium reagents. At 
-78°C the vinylsilanes derived from mannitol, gluconolactone and tartaric acid gave 
in the reaction with alkyllithium the desired addition product, while at 0°C 
cyclopropane derivatives are formed by an intramolecular displacement reaction 
(Michael Induced Ring Closure). Other products in these heteroconjugate addition 
are derived from initial deprotonation of the vinylsilanes and subsequent addition of 
alkyllithium to the hereby formed product. 
Phenylsulfonyl-substituted vinylsilanes gave the expected heteroconjugate addition 
products in good yield. 
3.3. Experimental section 
General remarks 
IR spectra were recorded on a Perkin-Elmer 298 infrared spectrophotometer. The 90 
MHz 1 H NMR spectra were recorded on a Varían EM-390 spectrometer (Me4Si as 
internal standard) and for the 100 MHz 1H NMR spectra a Bruker AC 100 
spectrometer (CDCI3 as internal standard) was used and for the 400 MHz 1H NMR 
spectra a Bruker AM-400 spectrometer (CDCI3 as internal standard) was used. For 
the 13C NMR spectra a Bruker AC 100 spectrometer (CDCI3 as internal standard) 
was used. For mass spectra a double focussing VG7070E mass spectrometer was 
used. Melting points were measured with a Reichert Thermopan microscope and 
are uncorrected. Elemental analysis were performed on a Carlo Erba Instruments 
CHNS-0 EA 1108 element analyzer. 
Dichloromethane was distilled from P2O5. Tetrahydrofuran was distilled from 
L1AIH4. Diethyl ether was distilled from NaH. Petroleum ether 60-80 was distilled 
from СаНг. Hexane was distilled from CaH2- Acetonitrile was distilled from P2O5. 
Ethyl acetate was distilled from K2CO3. All synthesis were performed under argon. 
n-Butyllithium was used as a standard solution of 1.6 M in hexane. DibalH was used 
as a standard solution of 1.0 M in toluene. GLC was conducted with a Hewlett-
Packard HP 5890 gas Chromatograph, using a capillary column (25m) of HP-1, and 
nitrogen at 2 ml/min (0.5 atm) as the carrier gas. Thin layer chromatography (TLC) 
was carried out on Merck precoated silica gel 60 F254 plates (0.25 mm) using the 
eluents indicated. Spots were visualized with UV and spraying with 5% H2SO4 
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solution in ethanol followed by charring at 140°C for 15 min. Flash chromatography 
was carried out at a pressure of ca. 1.5 bar, a column length of 15-25 cm and a 
column diameter of 1-4 cm, using Merck Kieselgel 60H, unless stated otherwise. 
2-Phenyl-1 -phenylthio-1-trimethylsilyl-ethene (1 b) 
л-Butyllithium (0.70 mL, 1.6 M in hexane, 1.10 mmol) was added to a solution of 
bis(trimethylsilyl)(phenylthio)methane (0.268 g, 1.0 mmol) in dry THF (30 mL) at 
-78°C. Then the reaction mixture was stirred for 2 h at room temperature. This 
solution was cooled to -78°C and benzaldehyde (1.17 g, 1.1 mmol) dissolved in dry 
THF (10 mL) was gradually added. After stirring at -78°C for 3 h, the reaction mixture 
was slowly warmed to room temperature and quenched with saturated aqueous 
solution of ammonium chloride. The aqueous layer was extracted with 
dichloromethane (4 x25 mL). The combined organic layers were dried (MgS04) and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C: ethyl acetate 19:1, v/v) to give 0.225 g 
(79%) of 1 b with an E/Z ratio of 1:1. 
Spectral data of the E-isomer, 
1 H NMR (in CCI4): δ 0.07 (s, 9H, SiMe3), 7.0-7.42 (m, 11H's, Ar and C=C-H) ppm. 
IR (CCI4): ν 3075, 3060, 3020, 2955, 2895, 1575 (C=C), 1472, 1438, 1405 (w), 1242 
(SiMe3), 1068, 1080, 1025. 940, 895 cm-1. 
Spectral data of the Z-isomer, 
1Η NMR (in CCI4): δ 0.0 (s, 9H, SiMe3), 7.0-7.42 (m 11 H, Ar and C=C-H) ppm. 
IR (CCI4): ν 3075, 3060, 3020, 2955, 2895, 1575 (C=C), 1472, 1438, 1405 (w), 1242 
(SiMe3), 1068, 1080, 1025, 940, 895 cm-1. 
MS(EI) m/e: 284 (M+), 73 (SiMe3+). 
EI/HRMS m/&. 284.10553 ±0.00084 (cale, for C1 7H2oSSi (M+): 284.10550). 
General procedure for the conversion of esters into vinylsilanes (1)(one-pot 
Peterson procedure) 
0.70 mL n-Butyllithium (1.1 equiv., 1.6M in hexane, 1.12 mmol) was added at -78°C 
to a solution of bis(trimethylsilyl)(phenylthio)methane (1.0 equiv., 0.268 g, 1.0 mmol) 
in THF (30 mL). After stirring at room temperature for 2 h, the reaction mixture was 
cooled to the chosen reaction temperature after which ester 6 (1.0 equiv.) in THF (10 
mL) was gradually added. Then, DibalH (1.1 equiv., 1.1 mL, of 1.0 M in toluene) was 
gradually added. The resulting mixture was slowly warmed to room temperature and 
stirred over night. The mixture was quenched with sodium sulfate decahydrate, 
filtered over magnesium sulfate, and washed with dichloromethane (4 χ 30 mL). The 
filtrate was concentrated in vacuo and purified by column chromatography (silica gel 
60H, petroleum ether 60-80°C: ethyl acetate 19:1, v/v) 
E,Z-3-Methoxy-1-phenylthio-1-trimethylsilyl-1-butene (1a) 
Starting from (-)-ethyl 2-methoxy-propanoate 6a (0.132 g, 1.0 mmol) product 1a 
was synthesized according to the general procedure at -78°C, in a yield of 0.144 g 
(54%) with an E/Z ratio of 1:4, as an oil. 
Spectral data of the Z-isomer of 1a: 
1H NMR (in CDCI3): δ 0.23 (s, 9H, SiMe3), 1.42 (d, 3H, J= 6.2 Hz, CH3CO), 3.49 (s, 
3H, OCH3), 4.76 (d of q, 1H, J= 6.2 Hz, J= 7.6 Hz, HCOCH3), 6.53 (d, 1H, J= 7.6 Hz, 
ÜC=C), 7.17-7.58 (m, 5H, Ar) ppm. 
IR (neat): ν 1580 (C=C), 1250 (SiMe3) cm-1. 
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MS(CI) m/e: 266 (m+, 80%), 251 (-CH3. 33%), 235 (-ОСНз, 100%), 189 (-Ph, 6%), 
157 (-SPh, 55%), 73 (SiMe3, 88%). 
Spectral data of the Ε-isomer of 1a: 
1H NMR (in CDCI3): δ 0.47 (s, 9H, SiMe3), 1.36 (d, 3H, J= 5.8 Hz, CH3CO), 3.43 (s, 
ЗН, ОСНз), 4.28 (d of q, 1H, J= 5.8 Hz, J= 9.2 Hz, MCOCH3), 6.02 (d, 1H, J= 9.2 Hz, 
HC=C), 7.17-7.58 (m, 5H, Ar) ppm. 
IR (neat): ν 1580 (C=C), 1250 (SiMe3) cm"1. 
MS(CI+) m/e: 266 (m+, 80%), 251 (-CH3, 33%), 235 (-OCH3, 100%), 189 (-Ph, 6%), 
157 (-SPh, 55%), 73 (ЭіМез, 88%). 
Starting from (-)-ethyl 2-methoxy-propanoate 6a (0.132 g, 1.0 mmol) product 1a 
was synthesized according to the general procedure at -18°C in a yield of 0.051 g 
(19%) with an E/Z ratio of 1:4, as an oil. 
Spectral data, see above. 
2-Phenyl- 1-phenylthio- 1-trimethylsilyl-ethene (1 b) 
Starting from methyl benzoate 6b (0.136 g, 1.0 mmol) product 1b was synthesized 
according to the general procedure at 0°C in a yield of 0.060 g (21%) with an E/Z 
ratio of 1:1. 
Starting from methyl benzoate 6b (0.136 g, 1.0 mmol) product 1b was synthesized 
according to the general procedure at -20°C in a yield of 0.219 g (77%) with an E/Z 
ratio of 1:1. 
Starting from methyl benzoate 6b (0.136 g, 1.0 mmol) product 1b was synthesized 
according to the general procedure at -78°C in a yield of 0.057 g (20%) in an E/Z 
ratio of 1:1. 
3-Methyl- 1-phenylthio- 1-trimethylsilyl-1-butène (1 f)34 
Starting from ethyl 2-methylpropanoate 6f (0.12 g, 1.0 mmol) product 1f was 
synthesized according to the general procedure at -78°C in a yield of 0.18 g (7.0%) 
with an E/Z ratio of 0.90:1. 
Spectral data of the Z-isomer of 1f: 
1H NMR (in CCI4): δ 0.0 (s, 9H, SiMe3), 0.9 (d, J=6.0Hz, 6H, СН(СН_з)2). 2.4-2.9 (m, 
1Н, CH(CH3)2). 6.82 (d, J=9.0Hz, 1Н, С=СМ), 7.0-7.3 (m, 5Н, SPh) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (ЭіМез) cm"1. 
Spectral data of the Ε-isomer of 1f: 
1H NMR (in CCI4): δ 0.1 (s, 9H, SiMe3), 1.05 (d, J=6.0Hz, 6H, СН(СНэ)2). 2.4-2.9 (m, 1Н, СН(СН3)2), 6.24 (d, J=9.0Hz, 1Н, С=СН), 7.0-7.3 (m, 5Н, SPh) ppm. 
IR (CCI4): ν 1580 (C=C), 1250(SiMe3) crrr1. 
MS(EI) m/e: 250 (M+), 253 (M+- Me), 73 (SiMe3+). 
EI/HRMS m/e: 250.1211510.00097 (cale. forC-|4H22SSi (M+): 250.12115). 
E,Z-3-(tert.-Butyldimethylsilyloxy)-1-phenylthio-1-trimethylsilyl-1-butène (1g) 
Starting from (-)-ethyl-2-(fert-butyldimethylsilyloxy)-propanoate 6g (0.232 g, 1.0 
mmol) product 1g was synthesized according to the general procedure at -78°C in 
a yield of 0.238 g (65%) with an E/Z ratio of 1:3. 
Spectral data of the Ε-isomer of 1g: 
1H NMR (in θα 4 ) :δ 0.03 (s, 9H, SiMe3), 0.1 (s, ЗН, SiMe), 0.2 (s, ЗН, SiMe), 0.80 (s, 
9H, SiCMe3), 1.27 (d, 3H, J= 6.0 Hz, СНз-С), 4.57 (q, 1H, CH3-C-H), 5.9 (d, 1H, 
C=C-H), 7.2 (s, 5H, Ph) ppm. 
IR (CCI4): ν 3070, 3060, 2950, 2920, 2890, 2850, 1575 (C=C), 1470 (C=C). 1460 
(C=C), 1365 , 1438 (C=C), 1248 (БіМез) cm"1. 
MS(EI) m/e: 366 (M+), 351 (M+- Me), 309 (M+- f-Bu), 73 (SiMe3+). 
EI/HRMS m/e: 366.1870 ±0.0012 (cale, for Ci9H34OSS¡2 (M+): 366.18689). 
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Spectral data of the Z-isomer of 1g: 
ІН NMR (in CCI4): δ 0.03 (s, 9H, S¡Me3), 0.1 (s, 3H, SiMe), δ 0.2 (s, 3Η, SiMe), 0.80 
(s, 9H, SiCMe3), 1.20 (d, 3H, J= 6.0 Hz, CH3-C), 4.97 (q, 1H, CH3-C-H), 6.3 (d, 1H, 
C=C-H), 7.2 (s, 5H, Ph) ppm. 
IR (CCI4): ν 3070, 3060, 2950. 2920, 2890, 2850, 1575 (C=C), 1470 (C=C), 1460 
(C=C), 1365 (C=C), 1438 (C=C), 1248 (SiMe3) cm-1. 
MS(EI) m/e: 366 (M+), 351 (M+- Me), 309 (M+- f-Bu), 73 (SiMe3+). 
EI/HRMS m/e: 366.1870 ±0.0012 (cale, for Ci9H34OSS¡2 (M+): 366.18689). 
(3R)-4-Phenyl-3-methoxy- 1-phenylthio- 1-trimethylsilyl-1-butène (1 h) 
Starting from methyl 3-phenyl-2-methoxy-propanoate 6h (0.194 g, 1.0 mmol), 
product 1h was synthesized according to the general procedure at -20°C, in a yield 
of 0.140 g (41%) with an E/Z ratio of 0.9:1. 
1H NMR (in CCI4): δ 0.18 (s,9H, SiMe3), 2.9 (dd, J=8Hz: J=7Hz, 2H, Ph-CH2-CH), 
3.34 (s, 3H, OMe), 4.76 (q, J=8Hz, 1H, Ph-CH2-CM-OMe), 6.36 (d, 1H, C=C-H), 7.2 (s, 10H, Ar) ppm. 
IR (CCI4): ν 1575 (C=C), 1250 (SiMe3) cm"1. 
MS(EI) m/e: 342 (M+), 73 (SiMe3+ ,100%). 
EI/HRMS m/e: 342.14735 ±0.00099 (cale, for C20H26OSS1 (M+): 342.14737). 
E,Z-3-(H,H-Dimethylamino)-1-phenylthio-1-trimethylsilyl-1-propene (15a) 
Starting from ethyl Λ/,/ν-dimethylaminoacetate 12a (0.131 g, 1.0 mmol) product 16a 
was synthesized according to the general procedure at -78°C in a yield of 0.66 g 
(25%), with an E/Z ratio of 0.9:1. 
Spectral data of the Ζ isomer of 15a: 
1H NMR (in CCI4): δ 0.0 (s, 9H, SiMe3), 2.10 (s, 3H, NMe), 2.14 (s, 3H, NMe), 3.0 (d, 
2H, C=C-CH2-N), 6.53 (t, 1H, C=C-H), 7.0-7.27 (m, 5H, Ar) ppm. 
IR (CCI4): ν 1575 (C=C), 1250 (SiMe3) cm"1. 
Spectral data of the E isomer of 15a: 
1 H NMR (in CCI4): δ 0.17 (s, 9H, S¡Me3), 2.10 (s, 3H, NMe), 2.14 (s, 3H, NMe), 3.17 
(d, 2H, C=C-CH2-N), 6.02 (t, 1H, C=C-H), 7.0-7.27 (m, 5H, Ar) ppm. 
IR (CCI4): ν 1575 (C=C), 1250 (SiMe3) сггН. 
MS(CI) m/e: 265 (M+), 250 (M+-Me), 73 (SiMe3+), 58 (Me2NCH2+. 100%). 
CI/HRMS m/e: 265.13201 ±0.00076 (cale, for C1 4H2 3NSSi (M+): 265.13205). 
1,1-Diphenylthio-2-phenyl-ethene (9)3 5 
0.70 ml_ n-Butyllithium (1.1 equiv., 1.6 M in hexane, 1.12 mmol) was added at -78°C 
to a solution of bis(phenylthio)(trimethylsilyl)methane7 (1.0 equiv., 0.304 g, 1.0 
mmol) in THF (30 ml_). After stirring at room temperature for 2 h, the solution was 
cooled to -18°C after which methyl benzoate 6b (0.136 g, 1.0 mmol) in THF (10 mL) 
was added. Then DibalH (1.1 equiv., 1.1 mL, 1.0 M in toluene) was gradually added. 
After stirring for 4 h at -18°C, the reaction mixture was quenched with sodium sulfate 
decahydrate, filtered over magnesium sulfate and washed with dichloromethane (4 
χ 30 mL). The filtrate was concentrated in vacuo and purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C: ethyl acetate 19:1, v/v), to 
give 0.263 g (82%) of 9 as a white solid, m.p.: 58°C (recrystallized from petroleum 
ether 60-80°C). 
1 H NMR (in CCI4): δ 7.05 (s, 1H, C=C-H), 7.10-7.33 (m 13H, Ar-Η), 7.42-7.70 (m, 2H, 
Ar-Η) ppm. 
IR (KBr):v 1002 (w), 1028 (s), 1077.(m) cm"1. 
MS (El) m/e: 320 (M+), 211 (M+-SPh). 
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EI/HRMS m/e: 320.06949 ±0.00096 (cale, for C20HI6S2 (M+): 320.06934). 
(3R)-3,4-lsopropylidenedioxy- 1-phenylthio- 1-trimethylsilyl-1-butène (1 к) 
n-Butyllithium (20.6 mL, 33 mmol) was added to a stirred and cooled (-78°C) 
solution of bis(trimethylsilyl)(phenylthio)methane (8.05 g, 30 mmol) in THF (200 mL). 
After stirring for 2 h at room temperature, the yellow reaction mixture was cooled to 
-78°C and (2-R)-2,3-0-isopropylidene-glyceraldehyde2119 (3.9 g, 30.0 mmol) in 
THF (25 mL) was added dropwise. This mixture was warmed to room temperature 
over night. After quenching with sodium sulfate decahydrate, the reaction mixture 
was filtered, dried over magnesium sulfate and concentrated in vacuo. The crude 
product was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : ethyl acetate= 19:1, v/v), to give 7.50 g (82%) of 1k with an E/Z ratio of 1:1. 
Spectral data of the Ζ isomer: 
"Ή NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.35 (s, 6H, М 2С), 3.51 (t, J=6.8 Hz, 1H, O-
HCH-CH-[0-]-C=C ). 4.02 (dd, J=6.47 Hz: J= 8.0 Hz, 1H, 0-HCH-CH-[0-]-C=C), 5.21 
(q, J=6.8 Hz, 1H, 0-HCH-CM-[0-]-C=C), 6.5 (d, J= 6.8 Hz, H-C=C), 7.20 (s, 5H, Ar) 
ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (SiMe3) cm-1. 
Spectral data of the E isomer: 
1H NMR (CDCI3): δ 0.24 (s, 9H, ЭіМез), 1.44 (s, 6Н, Ме2С), 3.42 (t, J=8.4 Hz, 1H, 
0-НСН-СН-[0-]-С=С ), 3.97 (dd, J=6 Hz: J= 8.4 Hz, 1H, 0-MCH-CH-[0-]-C=C), 4.78 
(ddd, J=9.0 Hz: J=6 Hz: J= 8.4 Hz, 1H, 0-HCH-CH.-[0-]-C=C), 5.65 (d, J= 9.0 Hz, 1H, 
M-C=C), 7.32 (s, 5H, Ar) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (SiMe3) спИ. 
(3S,4S)-5-Benzyloxy-3,4-isopropylidenedioxy-1-phenylthio-1-trimethylsilyl-1-
pentene (11) 
n-Butyllithium (2.44 mL, 3.9 mmol) was added to a stirred and cooled (-78°C) 
solution of bis(trimethylsilyl)(phenylthio)methane (0.94 g, 3.51 mmol) in THF (30 
mL). After stirring for 2 h at room temperature, the yellow reaction mixture was again 
cooled to -78°C and a solution of (2R, 3S)-4-benzyloxy-2,3-isopropylidenedioxy-
butanal22 25 (0.8 g, 3.2 mmol) in THF (25 mL) was gradually added. The mixture 
was warmed to room temperature over night. A saturated aqueous sodium chloride 
solution (50 mL) was added. The aqueous layer was extracted three times with 
dichloromethane (30 mL). The combined organic layers were dried over magnesium 
sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 19 : 1, 
v/v), to give 1.09 g (79.5%). of 11 with an E/Z ratio of 1:1. 
Spectral data of the Ζ isomer: 
1 H NMR (CDCI3): δ 0.08 (s, 9H, SiMe3),e 1.48 (s, ЗН, М 2С). 1.57 (s, ЗН, М 2 С), 
3.51-3.80 (m, 2Н, Bn-O-Ctb-CH-), 3.93-4.10 (m, 1Н, -0-CH2-CÜ), 4.60 (s, 2Н, Ph-
Си2-). 5.15 (t, J= 7.8 Hz, 1H, -СМ(-0-)СН=), 6.47 (d, J= 7.8 Hz, 1H, CH=), 7.3 (s, 
10H, Ar) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 crrr1(SiMe3). 
Spectral data of the E isomer: 
ІН NMR (CDCI3): δ 0.33 (s, 9H, SiMe3), 1.43 (s, ЗН, М 2С), 1.48 (s, ЗН, Me2C), 
3.51-3.80 (m, 2Н, ВП-0-СН.2-СН-), 3.93-4.10 (m, 1Н, -0-СН2-СН-), 4.60 (s, 2Н, Ph-
CÜ2-O-), 4.63 (t, J= 9.0 Hz, 1H, -CH(-0-)CH=), 5.70 (d, J= 9.0 Hz, 1H, CH=), 7.2 (s, 
10H, Ar) ppm. 
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IR (CCI4): ν 1580 (C=C), V1250 cm-1(SiMe3). 
13C NMR (CDCI3): δ 0.41 (SiMe3), 27.09 ((CH3)2C), 27.16 ((C_H3)2C), 70.09 (C-O), 
73.53 (C-O), 76.26 (C-O), 80.256 (C-O), 109.09 ((CH3)2CJ, 127.54 (Ph), 127.91 (Ph), 128.33 (Ph), 128.74 (Ph), 129.24 (Ph), 129.62 (Ph), 133.48 , 135.403 , 137.98 , 
145.23 ppm. 
MS(EI) m/e=428 (M+), 413 (M+-Me), 370 (M+-(CH3)2-C=0)), 321 (M+-Ph-CH2-0), 
319 (M+-SPh), 307 (M+-Ph-CH2-0-CH2). 279 (M+-(CH3)2-C=0)-Ph-CH2), 91 (PH-
CH2 +), 73 (SiMe3+). 
(3R, 4S. 5R)-3,4:5,6-Bis(isopropylidenedioxy)- 1-phenylthio- 1-trimethylsHyl- 1-hexene 
(Im) 
л-Butyllithium (2.8 mL, 4.4 mmol) was added to a stirred and cooled (-78°C) solution 
of bis(trimethylsilyl)(phenylthio)methane (1.072 g, 4.0 mmol) in THF (40 mL). After 
stirring for 2 h at room temperature, the yellow reaction mixture was again cooled to 
-78°C and a solution of 2,3:4,5-di-0-isopropylidene-a/denyc/o-D-arabinose23 29 
(0.84 g, 4.0 mmol) in THF (10 mL) was gradually added. The mixture was warmed to 
room temperature over night. A saturated aqueous sodium chloride solution (50 mL) 
was added and the aqueous layer was extracted three times with dichloromethane 
(30 mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 1 9 : 1 , v/v) giving 1.264 g 
(85%) of 1n, with an E/Z ratio of 1:1. 
Spectral data of the Ζ isomer: 
1H NMR (CDCI3): δ 0.13 (s. 9H, SiMe3), 1.40 (s, ЗН, Ме2С), 1.47 (s, ЗН, Ме2С), 
3.47-4.2 (m, 4Н, Н^С(-0-)-СН_(-0-)-СН_(-0-)-), 5.17 (t, J=8.3 Hz, 1Н, -СЩ-0-)-СН=), 
6.43 (d, J= 8.3Hz, 1H, CH=), 7.2-7.45 (m, 5Н, SPh) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (SiMe3) cm"1. 
Spectral data of the E isomer: 
ІН NMR (CDCI3): δ 0.43 (s, 9Η, SiMe3), 1.47 (s, ЗН, Me2C), 1.55 (s, ЗН, Ме2С), 
3.47-4.2 (m, 4Н, Н2С(-0-)-СШ-0-)-СЦ(-0-)-). 4.6 (dd. J=9.0 Hz: J=7.5 Hz, 1H, -CH(-
0-)-CH=), 5.73 (d, J= 9.0 Hz, 1H, CH=), 7.2-7.45 (m, 5H, SPh) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (SiMe3) cm-1. 
MS(EI) m/e:408 (M+), 393 (M+-CH3), 101 (CH2-(-0-CMe2-0-)-CH+), 73 (SiMe3+). 
EI/HRMS m/e: 408.1790 ±0.0011 (cale, for C 2 ^ ^ S S i (M+): 408.1790). 
(4R)-4,5-lsopropylidenedioxy- 1 -phenylthio- 1-trimethylsilyl-1-peritene 1 η 
л-Butyllithium (2.44 mL, 3.9 mmol) was added to a stirred and cooled (-78°C) 
solution of bis(trimethylsilyl)(phenylthio)methane (0.94 g, 3.5 mmol) in THF (30 mL), 
kept under argon. After stirring for 2 h at room temperature, the yellow reaction 
mixture was cooled to -78°C and (R) 3,4-isopropylidenedioxy butanal25·26 33 (0.504 
g, 3.5 mmol) in THF (10 mL) was added dropwise. This mixture was warmed to room 
temperature over night. After quenching with sodium sulfate decahydrate, the 
reaction mixture was filtered, dried over magnesium sulfate and concentrated in 
vacuo. The crude product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate =19:1, v/v) to give 0.86 g (76%) of 1n with 
an E/Z ratio of 1:1. 
Spectral data of the Ζ isomer: 
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1H NMR (CDCI3): δ -0.14 (s, 9Η, S¡Me3), 1.17 (s, ЗН, CMe2), 1.20 (s, ЗН, С(СН3)2). 
2.5-2.6 (m, 2Н, =С-СН2). 3.4 (t, J= 7Hz, 1Н. СН-О), 3.7-4.1 (m, 2Н, СН2-0), 6.46 (t, 
J= 6.7Hz, 1H, C=C-H), 7.0-7.15 (m, 5Н, Ph) ppm. 
Spectral data of the E isomer: 
1H NMR (CDCI3): δ 0.0 (s, 9H. S¡Me3),6 1.17 (s, ЗН, СМе2), 1.23 (s, ЗН. С(СНЭ)2), 
2.5-2.6 (m, 2Н, =С-СН2), 3.4 (t, J= 7Hz, 1Н, СН-О), 3.7-4.1 (m, 2Н, СН2-0), 6.0Θ (t, 
J= 7.5Hz, 1Н, С=С-Н), 7.0-7.15 (m, 5Н, Ph) ppm. 
13c NMR (CDCI3): δ -1.1 (S¡Me3). 25.6 (C(C_H3)2), 26.7 (C(C_H3)2). 34.6 (С_Н2-
С=С), 66.7 (С-О), 74.8 (С-О), 109.0 (С_(СН3)2), 126.4 (Ph), 128.2 (Ph), 128.8 (Ph), 
130.5 (Ph), 137.2 (C=C), 146.9 (C=C) ppm. 
IR (CCI4): ν 1580 (C=C), 1250 (SiMe3) cm-1. 
MS(EI) m/e:322 (M+), 307 (M+-Me), 101 (CH2-(0-C(CH3)2-0-)-CH+, 100%), 73 
(Me3S¡+). 
EI/HRMS m/e: 322.14222 ±0.00096 (cale, for C17H26O2SS1 (M+): 322.14223). 
L-Proline methyl ester (11c) 
Thionyl chloride (8 mL, 0.11 mol) was gradually added to a cooled (0°C) solution oí 
L-proline 10c (12.4 g, 0.11 mol) in methanol (50 mL). After stirring for 2 h at room 
temperature, the reaction mixture was concentrated in vacuo, to give 18.2 g (100%) 
of 11c as a yellow oil. 
1H NMR (in CCI4): δ 2.0-2.53 (m, 4H, N-CH2-CtÍ2-CH.2-CH), 3.3-3.7 (m, 2H, N-CÜ2-
СН2-). 3.83 (s, ЗН, ОСНз), 4.3-4.7 (m, 1Н, N-CH_-C02CH3), 6.2 (br s, 1Н, NH), 9.3 (brs, 1Н, NH)ppm. 
IR (CCI4): ν 3300-2200 broad s (NH2 +). 1710 (C02CH3) cm-1. (2R)-Methyl N-benzyl-2-phenyl-2-aminoacetate (12f) 
Benzyl bromide (1.28 mL, 1.83 g, 10.7 mmol) was added to a cooled (0°C) and 
stirred solution of methyl (2R)-2-phenyl-2-amino-acetate hydrochloride 11βι (2.15 
g, 10.7 mmol) and triethylamine (3 mL, 2.17 g, 21.4 mmol) in diethyl ether (100mL). 
After stirring for 3 h, the salts were removed by filtration and washed with diethyl 
ether ( 3 x 1 0 mL). The combined organic layers were washed with an aqueous 
sodium hydrogen carbonate solution and subsequently with a saturated aqueous 
ammonium chloride solution. The organic layer were dried with magnesium sulfate 
and concentrated in vacuo. The crude product was purified by column 
chromatography (silica gel 60H; petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) 
to give 2.35 g (86%) of 12f. 
1H NMR (in CCI4): δ 2.0 (s, 1H, N-H), 3.28 and 3.73 (AB, 2H, J= 18 Hz, Ph-CH2-N), 
3.6 (s, ЗН, -ОМ ), 4.53 (s, 1H, Ph-CH-N). 7.33 (s, 10 H, Ph) ppm. 
IR (CCI4): ν 3340 (s, NH), 1720 (C02CH3) cm"1. 
N-Benzyl-L-proline methyl ester (12c) 
Procedure A36: 
Benzyl bromide (1.3 g, 7.75 mmol) was added in one portion to a cooled (0°C) 
solution of L-proline methyl ester hydrochloride 11c (1.28 g, 7.75 mmol) and 
triethylamine (0.784 g, 7.75 mmol) in diethyl ether (100 mL). A second portion of 
triethylamine (0.784 g, 7.75 mmol) was added in diethyl ether (100mL) and the 
reaction mixture was stirred for 3 h The salts were removed by filtration and washed 
with diethyl ether (3x10 mL). The combined diethyl ether layers were washed with 
an aqueous sodium hydrogen carbonate solution and subsequently with a saturated 
aqueous ammonium chloride solution. The combined organic layers were dried with 
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magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H: petroleum ether 60-80°C : ethyl acetate = 
3:1, v/v) to give 1.51 g (89%) of 12c. 
1H NMR (in CCI4): δ 1.6- 2.15 (m, 4H, N-CH2-CH2-CÜ2-CH), 2.43 (m, 2H, N-CÜ2-
СН2-). 2.9- 3.43 (m, 1Н, N-CH-C02CH3), 3.7 (s, ЗН, ОСН3). 3.65 and 3.9 (AB, 2Н, 
J= 12Hz, N-CH2-Ph), 7.3 (s, 5H, Ph) ppm. 
IR (ССІ4): 2760-2960 (alif. H), 1720 (С02СН3), 1430 (С02СН3) cm-"1. 
Procedure В: 
Benzaldehyde (2.0 mL, 2.12 g, 20 mmol) was added to a solution of L-proline methyl 
ester hydrochloride 11c (4.90 g, 29.6 mmol) and potassium hydroxide (0.4 g, 7.1 
mmol) in methanol (15 mL). The resulting suspension was stirred for 15 min. and 
sodium cyanoborohydride (0.475 g, 7.56 mmol, 1.1 equiv.) in methanol (15 mL) was 
gradually added. Then potassium hydroxide (1.7 g, 29.6 mmol) was added. After 
stirring for 1 h, the reaction mixture was concentrated in vacuo. The residue was 
dissolved in dichloromethane (50 mL) and extracted with an aqueous sodium 
chloride solution. The combined organic layers were dried over magnesium sulfate 
and concentrated in vacuo. The crude product was purified over a short column of 
silica 60 and ethyl acetate as eluent, to give 4.29 g (98%)of 12c. 
N,N-Dibenzyl-L-phenylalaninemethyl ester (12bi) 
Benzyl bromide (25 mL, 0.21 mol) was added in one portion to a suspension of (L)-
Phenylalanine methyl ester 11bi (17.9 g, 0.10 mol), potassium carbonate (15.0 g, 
0.108 mol) and sodium hydroxide (6.6 g, 0.165 mol) in ethanol (120 mL). After the 
addition was completed the reaction mixture was heated under reflux for 3.5 h, 
followed cooling to room temperature. Then water (100 mL) was added and the 
reaction mixture was extracted with dichloromethane (5 χ 30 mL). The combined 
organic layers were dried over magnesium sulfate and concentrated in vacuo, to 
give 12bi in quantative yield. 
Ж NMR (in CCI4): δ 3.03 (dd, 2H, J=7.5 Hz, J=5.4 Hz, Ph-CH^-CH-N), 3.63 (s, 3H, 
OCH3), 3.65 (dd, 1H, J=7.5 Hz, J=5.4 Hz, Ph-CH2-CJd-N), 3.45 and 3.87 (AB, 4H, J= 
13.5 Hz, (Ph-CÜ2)2-N), 7.1 -7.3 (m, 15 H, Ar) ppm. 
IR (ССІ4): 3080, 3035, 3022, 2950, 2925, 2890, 2840, 2805, 1720 (0-C=0), 1205 
(0-C=0), 696 cm-1. 
N,N-Dibenzyl-(L)-phenylalanine benzyl ester (12Ьг) 
Starting from L-phenylalanine 11b (16.5 g, 0.1 mol), product 12Ьг was 
synthesized in quantitative yield according to the procedure described for N,N-
dibenzyl-(L)-phenylalanine methyl ester 12bi (see above), using potassium 
carbonate (15.2 g, 0.11 mol), sodium hydroxide (8.02 g, 0.2 mol) and benzyl 
bromide (60 g, 0.35 mol) in 200 mL ethanol. 
1H NMR (in CCI4): δ 3.05 (dd, 2H, J=7.5 Hz, J=5.4 Hz, Ph-CH^-CH-N), 3.65 (dd, 1H, 
J=7.5 Hz, J=5.4 Hz, Ph-CH2-CM-N), 3.45 and 3.87 (AB, 4H, J= 13.5 Hz, (Ph-CÜ2)2-
N), 5.17 (dd, 2H, J=16.8 Hz, J=12 Hz, Ph-СНг-О), 7.17 -7.3 (m, 20 H, Ar) ppm. 
IR (CCI4): ν 3080, 3035, 3022, 2950, 2925, 2890, 2840, 2805, 1720 (0-C=0), 
1205 (0-C=0), 696 (Ar. H's) спИ. 
N,N-Dibenzyl(L)-alanine benzyl ester (12d) 
Starting from (L)-alanine 10d (8.91 g, 0.1 mol), product 12d was synthesized in 
quantitative yield according to the procedure described for /V,A/-dibenzyl-(L)-
phenylalanine methyl ester 12bi (see above). 
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ІН NMR (in CCI4): δ 1.3 (d, 3H, J=6 Hz, CH3-CH-N), 3.55 (q, 1H, J= 6 Hz, СН3-СЫ-
ΝΒΠ2), 3.46 and 3.94 (AB, 4H, J= 12.6 Hz, (Ph-CH2)2-N), 4.47 (s, 2H, Ph-CH2-0), 
7.26 (s, 15 H, Ar)ppm. 
IR (CCL4): ν 3080, 3060, 3026, 2976, 2936, 2840, 2810, 1730 (0-C=0), 1448 
(CH2N)cm·1. 
N,N-Dibenzyl-D-phenylglycine benzyl ester (12 ) 
Starting from (D)-phenylglycine 10e (15.1 g, 0.1 mol), product 12e was synthesized 
In quantitative yield according to the procedure described for /V,/V-dibenzyl-(L)-
phenylalanine methyl ester 13bf (see above). 
1H NMR (in CCI4): 5 3.48 and 4.38 (AB, 4H, J= 15 Hz, (Ph-CH2)2-N), 4.3 (s,1H, Ph-
CH-C=0), 5.05 (d, 2H, J=4.5 Hz, Ph-CH2-0), 7.20 (s, 20 H, Ph) ppm. 
IR (CCI4): ν 3085, 3065, 3030, 2950, 2920, 2890, 2850, 2810, 1733 (-0-C=O), 1200 
(-0-C=O), ν 700 cm"1. 
N-Benzyl-N-tert.-Butoxycarbonyl-D-phenylglycine methyl ester (12g) 
Di-ferf-butylcarbonate (4.36 g, 20 mmol) and 4-(N,N-dimethylamino)pyridine 
(DMAP) (0.122 g, 1 mmol) were added in one portion to a stirred solution of Л/ 
-benzyl-(D)-phenylglycine methyl ester 12f (2.55 g, 10 mmol) in acetonitrile (15 mL). 
After stirring at room temperature for 6 h the solvent was evaporated. The crude 
product was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : ethyl acetate= 6:1, v/v) to give 2.48g (70%) of ester 12g as a colorless oil. 
1H NMR (in CCI4): δ 1.4 (s, 9H, Me3C), 3.7 (s, ЗН, -ОМе), 4.05 and 4.55 (AB, 2Н, 
Ph-CH2-N), 5.2 (s, 1H, Ph-CH-N), 7.0-7.20 (m, 10 H, Ph) ppm. 
IR (CCI4): ν 3080, 3060, 3000, 2975, 2950, 2920, 2880,2840, 1746 (-0-C(=O)-N), 
1733 (-0-C=O), 1200 (-0-C=0), 700 cm"1. 
(2R)-H,^-Dibenzyl-2-amino-3-phenyl-1-propanol (13b) 
A solution of /V,/V-dibenzyl-(L)-phenylalanine benzyl ester 12Ьг (43.6 g, 0.1 mol) in 
diethyl ether (75mL) was gradually added to a ice-cooled suspension of lithium 
aluminium hydride (3.9 g, 0.1 mol) in diethyl ether (200 mL). After stirring for 4 h at 
0°C, 50 mL of aqueous ammonium chloride was added. The resulting mixture was 
extracted with dichloromethane (3 χ 30 mL). The combined organic layers were 
dried over magnesium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography (silica gel 60H, ethyl acetate), to give 25.1 g 
(76%) of 13b. 
Щ NMR (in CCI4): δ 2.2-2.5 (m, 1H, Ph-CH2-CH_-N), 2.57 (br s, 1H, OH), 2.8-3.03 (m, 2H, Ph-Chl2-CHN), 3.3 (m, 2H, -СН2ОН), 3.37 and 3.77 (AB, 4H, J= 12.6 Hz, 
(Ph-CÜ2)2-N), 7.13 (s, 15H, Ar) ppm. 
IR (CCI4): ν 3380 (OH), 2800 (CH2N), 1440 (CH2N), 1200 (CH2N), 730, 695 α τ Η . (S)-N-Benzyl-2-pyrrolidinylmethanol (13c) 
Starting from N-benzyl-l-proline methyl ester 12c (22.5 g, 0.1 mol) product 14d was 
synthesized according to the procedure described for (2R)-/V,W-dibenzyl-2-amino-3-
phenyl-1-propanol 13b (see above). The crude product was purified by column 
chromatography (silica gel 60H: petroleum ether 60-80°C : ethyl acetate= 3:1, v/v) to 
give 16.44 g (78%) of 13c. 
Ж NMR (in CCI4): δ 1.55-2.0 (m, 4H, N-CH2-CH.2-CÜ2-CH), 2.0-2.2 (m, 2H, N-CH2-
CH2-). 2.6 (br s, 1H, C-OH), 2.7-3.03 (m, 1H, N-CH-CH2-OH), 3.40 (dq, 2H,J=3 Hz 
J=4.8 Hz, N-CH-CM2-OH), 3.23 and 3.93 (AB, 2H, J=12.6 Hz, N-CH2Ph), 7.16 (s, 
5H, Ph) ppm. 
IR (CCL4):v 3410 (OH), 2800 (CH2N), 1440 (CH2N), 1200 (CH2N), 730, 695 cm"1. 
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(2S) 2-(N,N-dibenzylamino)-1-propano! (13d) 
Starting from Ν,Ν-dibenzyl-alanine benzyl ester 12d (35.1 g, 0.1 mol) product 14 
was synthesized according to the procedure described tor (2R)-/V,/V-dibenzyl-2-
amino-3-phenyl-1 -propanol 13b (see above). The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate= 
3:1, v/v), to give 16.9 g (73%) of 13d. 
1H NMR (in CCI4): δ 0.93 (d, 3H, J= 6 Hz, CM3-CH-N), 2.67-3.0 (m, 2H, OH, CH3-
CH-N), 3.3 (d, 2H, J=8.4 Hz, -CH2-OH), 3.3 and 3.Θ (AB, 4H, J= 13.3 Hz, (Ph-CÜ2)2-
N), 7.14 (s, 10H,Ar)ppm. 
IR (ССІ4): 3440 (OH), 3080, 3060, 3020, 2970, 2920, 2880, 2860, 2837, 2810, 
1446 (-CH2N) cm-1. (2R)-2-( \^,V\-dibenzylamino)-2-phenylethanol (13 ) 
Starting from /V.N-dibenzyl-D-phenylglycine benzyl ester 12ег (42.2 g, 0.1 mol) 
product 13 was synthesized according to the procedure described for the 
synthesis of (2R)-/V,/V-dibenzyl-2-amino-3-phenyl-1-propanol 13b (see above) The 
crude product was purified by column chromatography (silica gel 60H, petroleum 
ether 60-80°C : ethyl acetate= 3:1, v/v) to give 23.3 g (73%) of 13e. 
1H NMR (in CDCI3): 52.67-2.87 (br s, 1H, OH), 3.4-3.68 (m, 1H, Ph-CH). 3.13 and 
3.9 (AB, 4H, J= 13.5 Hz, (Ph-CH2)2-N), 3.85-4.0 (m, 2H, CH2-OH), 7.13-7.4 (br s, 15 
H, Ph) ppm. 
1H NMR (in CDCI3+D2O): δ 3.47 (dd, J= 9.0 Hz: J=3.0 Hz, 1H, Ph-CH), 3.13 and 3.9 
(AB, 4H, J= 13.5 Hz, (Ph-CH2)2-N), 3.85-4.0 (m, 2H, CH^-OH), 7.13-7.4 (br s, 15 H, 
Ph) ppm. 
IR (CCI4):v 3460 (OH), 3060, 3020, 2925, 2855, 2835, 2810, 1205 (tert.amine), 695 
cm"1. 
Improved purification of amino alcohols 13 
Acetyl chloride (0.11 mol) was added to a cooled (0°C) solution of crude amino 
alcohol 13 (0.1 mol) and triethylamine (0.11 mol) in diethyl ether (100 ml_). The 
reaction mixture was stirred for 3 h. The precipitate was removed by filtration and 
washed with diethyl ether (3 χ 30 mL). The combined filtrate and washings were 
concentrated in vacuo and purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 4:1, v/v) to give the acetates of 13 in 
almost quantitative yield's. 
(2S)-N-Benzyl-2-pyrrolidinylmethyl acetate (16c) (21.8 g, 0.093 mol, yield 93%) 
was prepared according to the general procedure starting from 20.8 g, 0.1 mol crude 
(2S)-/V-benzyl-pyrrolidinemethanol 13c, 8.65 g (0.11 mol) acetyl chloride and 8.65 
g (0.11 mol) triethylamine. 
IH NMR (in CCI4): δ 1.57-1.90 (m, 4H, N-CH2-CJl2-CÜ2-CH), 2.0 (s, ЗН, СН3-
С=0), 2.03-2.4 (m, 1Н, N-CH_-CH2-0), 2.7-3.0 (m, 2Н, N-CÜ2-CH2-), 3.4 and 4.06 (AB, J=12.6 Hz, 2H. N-CH2Ph), 4.03 (m, 2H, N-CH-CÜ2-0), 7.27 (s, 5H, Ph) ppm. 
IR (CCI4):v 3080, 3060, 3025, 2960. 2920, 2870, 2830, 2805, 2790, 1740 (0-C=0), 
1450 (0-C=0), 1370 (0-C=0), 1230 (0-C=0), 705 cm"1. 
(2R)-2-(H,H-Dibenzylamino)-2-phenylethyl acetate (16e) (34.1 g, 0.095 mol, 
yield 95%) was prepared according to the general procedure starting from 29.7 g, 
0.1 mol crude (2R)-2-(/V,/V -dibenzylamino)-2-phenylethanol 13e, 8.65 g (0.11 
mmol) acetyl chloride and 11.1 g (0.11 mmol) triethylamine. 
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ІН NMR (in CDCI3): δ 1.95 (S.3H, СН3-С=0), 3.33 and 3.83 (AB, 4H, J= 13.5 Hz, (Ph-CH2)2-N), 4.0 (t, J= 6.9 Hz, 1H, Ph-CH.(NBz2)-), 4.33 (dd, 1H, J=6.9 Hz:J=11 Hz. 
CÜ2-O), 4.63 (dd, 1H, J=6.9 Hz:J=11 Hz, CÜ2-O), 7.23 (s. 15 H, Ph) ppm. 
IR (CCI4): ν 1740 (0-C=0), 1450 (0-C=0), 1370 (0-C=0) cm"1. 
Regeneration of aminoalcohols 13 from 16 
Potassium cyanide (100 mg) was added in one portion to a solution of acetates 16 
(4.0 g) in methanol. The reaction mixture was stirred at room temperature for 24 h 
and then filtered over a layer (1 cm) of hyflo. The insolubles were washed with 
methanol ( 2 x 1 5 ml_). The combined filtrate and washings were concentrated in 
vacuo, to give the wanted amino alcohol 13 in 96-98% yield. 
(2S)-H-Benzyl-2-pyrrolidinylmethanol (13c) (5.8 g, 30.3 mmol, yield 96%) was 
prepared according to the general procedure, starting from 7.4 g (31.6 mmol) (2S)-
/V-benzyl-2-pyrrolidinemethyl acetate 16c 
Spectral data, see above. 
(2R)-2-(H,N-dibenzylamino)-2-phenylethanol (13e) (11.5 g, 36.4 mmol, yield 
98%) was prepared according to the general procedure, starting from 13.3 g (37.1 
mmol) (2R)-2-(/V,/V-dibenzylamino)-2-phenylethyl acetate 16e. 
Spectral data, see above. 
(3R)-2-( N,N-Dibenzylamino)-3-phenylpropanal (14b) 
Dimethylsulfoxide (DMSO) (1.7 mL, 24 mmol) in dichloromethane (10 mL) was 
gradually added in 5 min, to a solution of oxalyl chloride (1.03 mL, 11.8 mmol) in 
dichloromethane (30mL) at -78°C. After stirring at -78°C for 5 min (2R)-2-/V,/V-
dibenzylamino-3-phenyl-1-propanol 13b (3.31 g, 10.0 mmol) in dichloromethane 
(15 mL) was gradually added. The solution was stirred for another 30 min at -78°C 
and triethylamine (7 mL, 50 mmol) was added. The reaction mixture was warmed to 
room temperature and a saturated aqueous sodium chloride solution was added. 
The aqueous layer was extracted with dichloromethane (3 χ 30 mL). The combined 
organic layers were dried over magnesium sulfate and concentrated in vacuo. The 
crude aldehyde was dissolved in 2 mL ethyl acetate and purified over a short 
column of silica gel 60 with ethyl acetate as eluent, to give 3.06 g (93%) of 14b. 
1H NMR (in CCI4): δ 2.9 (d, 1H, J= 7,5 Hz, Ph-CH2-CHN), 3.0 (d, 1H, J= 7,5 Hz, Ph-
CÜ2-CHN), 3.43 (t, 1H, -CM-C=0), 3.48 and 3.66 (AB, 4H, J= 12 Hz, (Ph-CH2)2-N), 
7.13 (s. 15H, Ar), 9.57 (d, 1H, C=0-ü) ppm. 
IR (CCI4):v 2805 (CH=0), 2710 (CH=0), 1720 (CH=0), 1490 (CH=0), 1450 (CH2-
N), 1370 (CH=0) cm-1. 
(2S)-N-Benzyl-2-pyrrolidinylmethanal (14c) 
Starting from N-benzyl-(2S)-2-pyrrolidinylmethanol 13c (2.5 g, 10.0 mmol) product 
14c was synthesized according to the procedure described for (2R)-2-(/V,/V-
dibenzylamino)-3-phenylpropanal 14b (see above). The crude product was purified 
over a short column of silica gel 60 with ethyl acetate as eluent to give 1.88 g 
(99.5%) of 14c. 
Ж NMR (in θ α 4 ) : δ 1.55-2.0 (m, 4H, N-CH2-CH.2-CÜ2-CH), δ 2.0-2.2 (m, 2H, N-
CH.2-CH2-), δ 2.9-3.3 (m, 1H, N-Cü-CH=0), δ 3.27 and 3.9 (AB, J=12.6 Hz, 2H, Ν-
CH2Ph), δ 7.16 (s, 5H, Ph), 6 9.17 (s, 1H, C=0-M) ppm. 
IR (CCI4):v 2820 (CH=0), 2715 (CH=0), 1730 (CH=0), 1490 (CH=0), 1450 (CH2-
N), 1370 (CH=0) cm-1. 
(2S)-2-(N,N-Dibenzylamino)propanal (14d) 
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Starting from (S)-2-(A/,/v-dibenzylamino)propanol 13d (2.54 g, 10.0 mmol) produci 
15e was synthesized according to the procedure described for (2R)-2-(N,N-
dibenzylamino)-3-phenylpropanal 14b (see above). The crude product was purifiée 
over a short column of silica gel 60 with ethyl acetate as eluent to give 2.24 g (88%] 
of 14d. 
1H NMR (in CCI4): δ 1.17 (d, 3H, J=6.0 Hz. СЫз-CH-N), 3.27 (q, 1H, J=6.0 Hz, CH3-
CH-N) , 3.51 and 3.69 (AB, 4H, J= 12 Hz, (Ph-CH^-N), 7.23 (s, 10H, Ar), 9.64 (s, 
1H,0=C-M)ppm. 
IR (CCI4):v 2800 (CH=0), 2710 (CH=0), 1726 (CH=0), 1490 (CH=0). 1450, 137C 
(CH=0), 1240 cm-1. 
(2R)-2-( N,N-Dibenzylamino)-2-phenylethanal (14e) 
Starting from (R)-2-(/V,/v"-dibenzylamino)-2-phenylethanol 13e (3.15 g, 10 mmol) 
procedure 14e was synthesized according to the procedure described for the 
synthesis of (2R)-2-(N,N-dibenzylamino)-3-phenylpropanal 14b (see above). The 
crude product was purified over a short column of silica gel 60 with ethyl acetate as 
eluent to give 3.04 g (97%) of 14e. 
1H NMR (in CCI4): δ 3.34 and 3.87 (AB 4H, J= 15 Hz, (Ph-CH2)2-N), 4.3 (d, 1H, J= 3 
Hz, Ph-Cü-C=0), 7.16-7.43 (br s, 15 H, Ph), 9.65 (d, J= 3Hz, 1H, 0=C-H) ppm. 
IR (CCI4): ν 3075, 3055, 3022, 2960, 2920, 2840, 2805 (0=C-H), 1725 (0=C-H), 
1450 (0=C-H), 1202 (tert. amine), 704 cm-1. 
General procedure for the synthesis of γ-amino-vinylsilanes 15 
n-Butyllithium (1.1 equiv., 1.6 M in hexane) was added to a cooled (-78°C) and 
stirred solution of bis(trimethylsilyl)phenylthiomethane (1.1 equiv.) in THF (30 mL). 
After stirring at room temperature for 2 h, the reaction mixture was cooled to -78°C 
and a solution of aminoaldehyde 14 (1.0 equiv., freshly synthesized) in THF (10 mL) 
was gradually added. The mixture was stirred over night and warmed to room 
temperature. Then a solution of aqueous saturated sodium chloride was added and 
the mixture was extracted with dichloromethane (4 χ 25 mL). The combined organic 
layers were dried over magnesium sulfate and concentrated in vacuo. The crude 
product was purified by column chromatography (silica gel 60H: petroleum ether 60-
B0°C : ethyl acetate= 19:1. v/v). 
(3S)-3- N,N-Dibenzylamino-4-phenyl- 1-phenylthio- 1-trimethylsilyl-1-butène (15b) 
(46%, 2.35 g) from (2R)-2-(/V,/V-dibenzylamino)-3-phenylpropanal 14b (3.29 g, 10 
mmol), bis(trimethylsilyl)(phenylthio)methane (2.95 g, 11 mmol) and n-butyllithium 
(6.9 mL, 11 mmol). 
'H NMR (in CCI4): δ 0.27 (s, 9H. ЭіМез), 2.97 (dd. 1Н, J= 8.4 Hz, J= 13.5 Hz, Ph-
CÜ2-CH-N), 3.23 and 3.37 (AB, 1H, J= 7.2 Hz, Ph-CH2-CH-N), 3.9 (dd, J=36 Hz: 
J=13.5 Hz, 4H, (Ph-CÜ2)2-N), 4.6 (m, 2H, Ph-CH2-CH.-N), 6.73 (d, J=9.0 Hz, 1H, 
CH=), δ 7.33 (s, 20H. Ar) ppm. 
IR (CCI4): ν 2800,1580 (C=C), 1490, 1475. 1450, 1440, 1245 (SiMe3) cm-1. (2S)- H-Benzyl-2-(2-phenylthio-2-tr¡methyls¡lyl-ethenyl)-pyrrol¡d¡ne (15c) (0.956 g, 
39%) from /V-benzyl-(2S)-2-pyrrolidinylmethanal 14c (1.25 g, 6.6 mmol), bis-
(trimethylsilyl)(phenylthio)methane (1.95 g, 7.3 mmol) and n-butyllithium (5.0 mL, 8.0 
mmol). 
1H NMR (CCI4): δ 0.1 (s, 9H, SiMe3), 1.6-2.4 (m, 4H, N-CH2-CÜ2-CÜ2-CH), 2.9- 3.1 (m, 2H. N-CÜ2-CH2-). 3.3-3.46 (m, 1H. -CH2-N-CH_-), 3.1 and 3.9 (AB, 2H, J=13.5 
Hz, Ph-CÜ2-N), 6.33 (d, 1H, J= 9.0 Hz, CH=), 7.3 (s, 10H, Ar) ppm. 
IR (CCI4): ν 2800, 1580 (C=C), 1450, 1245 (SiMe3) cm"1. 
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(3S)-3-( U,N-Dibenzylamino)-1-phenylthio-1-trimethylsilyl-1-butene (15d) (55%, 
0.289 g), from (2S)-2-(/V,W-d¡benzylamino)propanal 14d (0.523 g, 2.07 mmol), 
bis(trimethylsilyl)(phenylthio)methane (0.61 g, 2.27 mmol) and n-butyllithium (1.4 
mL, 2.27 mmol). 
1H NMR (in CCI4): δ 0.1 (s, 9H, SiMe3), 1.3 (d, 3H, J= 7.2 Hz, CÜ3-CHN), 3.5Θ and 
3.82 (AB. 4H, J= 12.6 Hz, (Ph-CH^-N), 4.2 (quintet, 1H, J= 7.2 Hz, CH3-CH-N), 6.6 
(d, 1H, J= 7.2 Hz, CH=), 7.16-7.3 (m, 15 H, Ar) ppm. 
IR (CCI4): ν 2800, 1580 (C=C), 1450, 1245 (SiMe3) cm'1. (3R)-3-{H,U-Dlbenzylamino)-3-phenyl- 1-phenylthio-1-trimethylsilyl- 1-ргор п 
(15e) (59%, 3.04 g) from (2R)-2-(/V,/V-dibenzylamino)-2-phenylethanal 14e (3.30 g, 
10.5 mmol), bis(trimethylsilyl)(phenylthio)methane (2.814 g, 10.5 mmol) and n-
butyllithium (7.7 mL, 12.3 mmol). 
Spectral data of the Ζ isomer of 15e: 
1H NMR (in CCI4): δ 0.1 (s, 9H, SiMe3), 3.58 and 3.83 (AB, 4H, J=9.0 Hz, (Ph-
CJd2)2-N), 5.1 (d, 1H, J= 9.0 Hz, Ph-CH-N), 6.6 (d, 1H, J=9.0 Hz, CH=), 7.1-7.36 (m, 
20 H, Ar) ppm. 
IR (CCL4): ν 2800, 1580 (C=C), 1450, 1245 (SiMe3) cm"1. 
Spectral data of the £ isomer of 15e: 
1 H NMR (in CCI4): δ 0.2 (s, 9H, SiMe3), 3.58 and 3.83 (AB, 4H, J=9.0 Hz, (Ph-
CÜ2)2-N), 5.1 (d, 1H, J= 9.0 Hz, Ph-CM-N), 6.6 (d, 1H, J=9.0 Hz, CH=), 7.1-7.36 (m, 
20 H, Ar). 
IR (CCL4): ν 2800, 1580 (C=C), 1450, 1245 (SiMe3) cm"1. 
MS(CI) m/e: 494 (M++1), 286 (Ph-CH=N[CH2Ph]2+),91 (PhCH2+). 
(3S)-3,4-lsopropylidenedioxy-1-phenylsulfonyl-1-trimethylsilyl-1-butène (34) 
m-CPBA (5.38 g, 75% pure, 23 mmol) in dichloromethane (50 mL) was dried over 
magnesium sulfate, and added to a cooled (0°C) and stirred solution of E/Z (3S)-
3,4-lsopropylidenedioxy-1-phenylthio-1-trimethyl-silyl-1-butène 1k (2.24 g, 7.3 
mmol) in dichloromethane (100 mL). After stirring at 0°C for 3 h., an aqueous 
sodium disulfide solution was added. The organic layer was extracted successively 
with an aqueous 1 M sodium carbonate solution and an aqueous saturated solution 
of sodium chloride. The organic layer was dried over magnesium sulfate and 
concentrated in vacuo, to give 2.35 g, (95%) of 34. 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.15 (s, 3H, Me2C), 1.25 (s, ЗН. Ме2С), 3.46 (dd, 1Н, J=8.6 Hz: J=6.7 Hz, 0-НСМ-СН-0-), 4.04 (dd, 1H, J=8.6 Hz: J= 7.02 Hz, O-
ÜCH-CH-0-), 5.25 (q, 1H, J=7.02 Hz, CH2-CH.-O-), 6.4 (d, 1H, J= 7.34 Hz, CH=), 7.3-
7.37 (m, 3H, Ar), 7.6-7.7 (m, 2H, Ar) ppm. 
IR (CCI4): ν 1300 (SO2), 1140 (SO2) cm-1. 
Oxidation to phenylsulfonyl-amino-vinylsilanes 35 (General procedure) 
A solution of oxone (49.5% potassium hydrogen persulfate, 0.65 g, 2.1 mmol) in 
water (4 mL) was gradually added to a cooled solution (0°C) of N-protected amino-
phenylthio-vinylsilane 15 (1 mmol) in methanol (4 mL). After stirring at room 
temperature for 3 h, 15 mL water was added. The mixture was then extracted 3 times 
with dichloromethane (25 mL). The combined organic layers were washed with an 
aqueous saturated ammonium chloride solution, dried over magnesium sulfate and 
concentrated in vacuo. The crude mixture was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80 °C : ethyl acetate = 19:1, v/v) to give the 
corresponding pnenylsulfonyl substituted vinylsilanes. 
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(3S)-3-(N,N-Dibenzylamino)-4-phenyl-1-phenylsulfonyl-1-trimethyl-silyl-1-butene 
(35b) Starting from (3S)-3-(N,N-dibenzylamino)-4-phenyl-1-phenylthio-1-
trimethylsilyl-1-butène 15b (0.507 g, 1.0 mmol) product 35b was synthesized 
according to the general procedure in a yield of 0.485 g (90%). 
ІН NMR (in CCI4): δ 0.27 (s, 9H, SiMe3), 2.93 (d, 2H, J= 6.0 Hz, Ph-CÜ2-CH-N), 
3.68 and 3.92 (AB, J=15 Hz, 4H, (Ph-ca¿)2-N), 4.8 (dt, 1H, J= 10.5 Hz, J= 6.0 Hz, 
Ph-CH2-CH-N), 6.63 (d, 1H, J=10.5 Hz, CH=), 7.10-7.63 (m, 20H, Ar) ppm. 
IR (CCI4): ν 2800, 1590 (C=C), 1445 (CH2N), 1300 (S02), 1245 (SiMe3), 1145 (S02)cm-1. 
MS(CI) m/e: 540 (M++1), 448 (M+-PhCH2), 300 ([PhCH2CH-N(CH2Ph)2]+). 91 
(PhCH2+, 100%), 73 (SiMe3+). 
CI/HRMS m/e: 540.2392 ±0.0015 (cale, for C3 3H3eN02SSi (M++1): 540.2393). (2S)-N-Benzyl-2-(2-phenylsulfonyl-2-trimethylsilyl-ethenyl)-pyrrolidine (35c) 
Starting from N-benzyl-2-(2-phenylthio-2-trimethylsilyl-ethenyl)-pyrrolidine 15c 
(0.367 g, 1.0 mmol) product 35c was synthesized according to the general 
procedure in a yield of 0.355 g (89%). 
"•H NMR (in ССЦ): δ 0.17 (s, 9H, SiMe3), 1.6-2.4 (m, 4H, N-CH2-CÜ2-CtÍ2-CH), 2.9-
3.1 (m, 2H, N-ChL2-CH2-). 3.3-3.46 (m, 1H, -CH2-N-CH.-), 3.1 and 3.9 (AB, 2H, 
J=13.5 Hz, Ph-CH2-N). 6.6 (d, 1H, J= 9.0 Hz, CH=), 7.23 (S. 5H, Ph-CH2-N), 7.4-7.5 
(m, 3H, PhS02), 7.73-7.9 (m. 2H. PhS02) ppm. 
IR (CCI4): ν 2800, 1590 (C=C), 1445 (CH2N), 1300 (S02), 1245 (SiMe3), 1145 (S02)cm-1. 
MS(CI) m/e:400(M++1). 
CI/HRMS m/e: 400.1765 ±0.0011 (cale, for C22H3oN02SSi (M++1): 400.1767). (3S)-3-(N,N-Dibenzylamino)-1-phenylsulfonyl-1-trimethylsilyl-1-butene (35d) 
Starting from 3-(N,N-dibenzylamino)-1-phenylthio-1-trimethylsilyl-1-butene 15d 
(0.431 g, 1.0 mmol) product 35d was synthesized according to the general 
procedure in a yield of 0.417 g (90%). 
1 H NMR (in CCI4): δ 0.29 (s, 9H, SiMe3), 1.12 (d, 3H, J= 7 Hz, СМэ-CHN), 3.56 and 
3.7 (AB, 4H, J= 12.6 Hz, (Ph-CH^-N), 4.5 (quintet, 1H, J= 7 Hz, CH3-CM-N), 6.43 (d, 1H, J= 10 Hz, CH=), 7.26 (m, 13 H, Ar), 7.68 (m, 2 H, Ar) ppm. 
IR (CCI4): ν 2840, 1610 (C=C), 1445 (CH2N), 1320, 1305 (S02), 1245 (SiMe3), 
1145 (S02)cm-1. 
MS(CI)m/e: 464 (M++1). 
CI/HRMS m/e: 464.20787 ±0.00091 (cale, for C27H3 4N02SSi (M++1): 464.20796). (3R)-3-(N, N-Dibenzylamino)-3-phenyl-1 -phenylsulfonyl-1 -trimethylsilyl· 1 -propene 
(35e) Starting from 3-(N,N-dibenzylamino)-3-phenyl-1-phenylthio-1-trimethylsilyl-1-
propene 15e (0.493 g, 1.0 mmol) product 35 was synthesized according to the 
general procedure in a yield of 0.478 g (91%), m.p.: 103-104°C. 
'H NMR (in CCI4): δ 0.1 (s. 9H. S¡Me3), 3.58 and 3.82 (AB, 4H, J=13.8 Hz, (Ph-
CÜ2)2-N), 5.2 (d, 1H, J= 10.5 Hz, Ph-CH-N), 6.4 (d, 1H, J=10.5 Hz, CH=), 7.16 (s, 
18H, Ar), 7.53-7.8 (m, 2 H, Ar) ppm. 
IR (ССІ4): 3060, 3058, 3023, 2950, 2920, 2895, 2840, 2805, 1300 (S02), 1140 (S02), 1442 (CH2N), 700, 690 cm"1. 
MS(CI) m/e:526(M++1). 
CI/HRMS m/e: 526.2234 ±0.0010 (cale, for C32H3 6N02SSi (M++1): 526.2236). 
Addition of organolithium to (3R)-3,4-isopropylidenedioxy-1-phenylthio-1-trimethyl­
silyl-1-butène (1k) (General procedure) 
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A solution of vinylsilane 1k (0.50 g, 1.62 mmol) In THF (10 mL) was added dropwise 
to a stirred and cooled (0°C) solution of alkyllithium (8.0 mmol) and TMEDA (0.93 g, 
8.0 mmol) in THF (50 mL). After stirring for 30 min at 0°C a saturated aqueous 
sodium chloride solution (50 mL) was added. The aqueous layer was extracted 
three times with dichloromethane (30 mL) and the combined organic layers were 
dried over magnesium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl 
acetate= 3:1, v/v) to give the cyclopropane derivative 39 and 4-phenylthio-4-
trimethylsilyl-but-3-en-2-one3740. 
2-Phenylthio-2-trimethylsilyl-3-methyl-cyclopropylmethanol (39a) Starting from 
methyllithium (5.0 mL, 1.6 M) 39a 0.280 g (65%) and 4-phenylthio-4-trimethylsilyl-
but-3-en-2-one 40, m.p.: 58-59°C (crystallized from hexane), 0.134 g (33%) were 
prepared. 
Spectral data of 39a: 
1 H NMR (CDCI3): δ 0.11 (s, 9H, SiMe3), 1.2-1.39 (m, 5H, Cü-СМ-СНз), 1.9 (br s, 
1H, -ОН), 3.46 (dd, 1Н, J=11.2 Hz: J=9.0 Hz, C-HCM-OH), 3.80 (dd, 1H, J= 11.2 Hz: 
J=6.6 Hz, C-HCH-OH), 7.1-7.42 (m, 5H, SPh) ppm. 
IR(CCI4):v 3450 (-OH), 1440 (CH2OH), 1377 (SiMe3), 1248 (SiMe3) cm-1. 
MS(EI) m/e: 266 (M+), 249 (M+-OH), 235 (M+-CH2-OH), 73 (SiMe3+). 
EI/HRMS m/e: 266.11601 ±0.00076 (cale, for C14H22OSS1 (M+): 266.11607). 
Spectral data of 40: 
1 H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 2.36 (s, 3H, СНз-С=0), 6.65 (s, 1H, C=C-H), 
7.32- 7.55 (m, 5H, SPh) ppm. 
IR(CCI4): ν 1670 (C=C-C=O),1190 (C=C-C=0) cm"1. 
MS(EI) m/e: 250 (M+), 235 (M+-CH3), 173 (M+-Ph), 141 (M+-Ph), 73 (SiMe3+), 43 (CH3-C=0+). 
2-Phenylthio-2-trimethylsilyl-3-ethyl-cyclopropylmethanol (39b) Starting from 
ethyllithium [prepared according to the procedure described by Brandsma38, from 
ethyl bromide (1.43 mL, 9.0 mmol) and lithium (0.147 g, 21.1 mmol)], products 39b 
and 40 were synthesized according to the general procedure, giving 0.281 g (62%) 
of 39b and 0.0243 g (6%) of 40. 
Spectral data of 39b: 
1H NMR (CDCI3): δ 0.10 (s, 9H, SiMe3), 0.90-1.8 (m, 7H, CH.-CH-CÜ2-CÜ3), 3.83 (dd, 1Н, J=11.4 Hz: J=6.0 Hz, C-HCM-OH), 3.24-3.6 (m, 2H, -OH: C-HCM-OH), 7.0-
7.47 (m, 5H, -SPh) ppm. 
IR(CCI4):v 3475 (-OH), ν 1478, 1455,1438 (CH2-OH), 1375 (SiMe3), 1248 (SiMe3) 
cm"1. 
MS(EI) m/e: 280 (M+), 249 (M+-[-CH2-OH]), 73 (Me3Si+). 
EI/HRMS m/e: 280.13173 ±0.00054 (cale, for C15H24OSS1 (M+): 280.13172). 
2-Phenylthio-2-trimethylsilyl-3-n-butyl-cyclopropylmethanol (39c) Starting from π-
butyllithium (5.0 mL, 1.6 M) product 39c was synthesized according to the general 
procedure, giving 0.445 g (89%) of 39c as the exclusive product. 
Spectral data of 39c: 
1H NMR (CDCI3): δ 0.12 (s, 9H, SiMe3), 0.94-1.55 (m, 11 H, CM-CM-n-butyl), 1.72 (br s, 1H, -OH), 3.52 (dd, 1H, J= 12 Hz: J=9.0 Hz, C-HCM-OH), 3.85 (dd, 1H, J= 12 
Hz: J=6.9 Hz, C-ÜCH-OH), 7.0-7.42 (m, 5H, SPh) ppm. 
13c NMR (DEPT, CDCI3):eo.O (SiMe3), 14.2 (-CH2-C_H3), 22.5 (-C_H2-), 28.9 (-
C_H2-), 29.6 (PhS-C_-SiMe3), 30.5 (-QH-), 31.9 (-C_H2-), 38.8 (-C_H-CH2-OH), 64.2 (-
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CH-Ç_H2-OH), 124.831 (SPh), 127.806(SPh), 128.386 (SPh), 128.773 (SPh), 
130.857 (SPh) ppm. 
IR(CCI4):v 3620 (-OH), 1440 (CH2-OH), 1377 (SiMe3), 1248 (SiMe3) crrr1. 
MS(CI) m/e: 308 (M+), 291 (M+-OH), 277 (M+-CH2-OH), 73 (SiMe3+). 
MS(EI) m/e: 308 (M+), 277 (M+-CH2-OH). 73 (SiMe3+). 
EI/HRMS m/er. 308.1630710.00091 (cale, for Ci7H28OSS¡ (M+): 308.16302). 
2-Phenylthio-2-trìmethylsilyl-3-tert.-butyl-cyclopropylmethanol (39d) Starting from 
fert.-butyllithium (4.7 mL, 1.7 M), products 39d and 40 were synthesized according 
to the general procedure, giving 0.165 g (33%) of 39d and 20.3 mg (5%) of 40. 
Spectral data of 39d: 
1H NMR (CDCI3): δ 0.12 (s, 9H, S¡Me3), 1.0 (s, 9H, f-Bu), 1.1-1.46 (m, 2H, -Cü-Chl·). 
1.65 (br s, 1H, -OH), 3.47 (dd, 1H, J=10.5 Hz: J=8.1 Hz, С-НСИ-ОН), 3.80 (dd, 1H, 
J=10.5 Hz: J=6.0 Hz, C-MCH-OH), 7.0-7.47 (m, 5H, -SPh) ppm. 
IR(CCI4):v 3510 (-OH). 1478, 1455, 1438 (CH2OH), 1375 (SiMe3), 1248 (SiMe3) 
cm"1. 
MS(EI) m/e=308 (M+), 277 (M+-[-CH2-OH]), 73 (Me3Si+). 
EI/HRMS m/e: 308.16277 ±0.00061 (cale, for C-iyH^OSSi (M+): 308.16302). 
2-Phenylthio-2-trimethylsilyl-3-phenyl-cyclopropylmethanol (39e) Starting from 
phenyllithium (4.0 mL, 2.0 M), product 39e was synthesized according to the 
general procedure, giving 0.304 g (57%) of 39e as the sole product. 
iH NMR (CDCI3): δ 0.1 (s, 9H, SiMe3), δ 1.6 (br s. 1H, -OH), 1.9-2.2 (dt, 1H, 
J=7.0Hz, J=6.4Hz, CH-CH-CH2-OH), 2.3 (d, 1H, J=6.4 Hz, Ph-CH-CH-CH2-OH), 
3.55 (dd, 1H, J=11.4 Hz: J=6.3 Hz, C-HCH-OH), 3.87 (dd, 1H, J=11.4 Hz: J=7.5 Hz, 
C-HCH-OH), 7.0-7.4 (m, 10H, -SPh: Ph) ppm. 
IR(CCI4):v 3560 (-OH), 1478, 1438 (CH2OH), 1260 (SiMe3), 1248 (SiMe3) cm·1. 
MS(EI) m/e: 328 (M+), 310 (M+-H20), 297 (M+-(-CH2-OH]), 73 (Me3Si+). 
EI/HRMS m/e: 328.13169 ±0.00096 (cale, for C1 9H2 4OSSi (M+): 328.13172). 
2-Phenylthio-2-trimethylsilyl-3-vinyl-cyclopropylmethanol (39f) Starting from 
vinyllithium [prepared asdescribed by Nugent and Hobbs,39 from tetravinyltin (0.453 
g, 2.00 mmol) and methyllithium (5.0 mL, 1.6 M, 8.0 mmol), to give 8.0 mmol 
vinyllithium], products 39f and 40 were synthesized according to the general 
procedure, giving 0.407 g (90%) of 39g and 0.020 g (5%) of 40. 
Spectral data of 39f: 
1 H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.58-1.87 (m, ЗН, -CM-СИ-: -OH), 3.65-3.90 (m, 2H, -СЫг-ОН), 5.03 (dd, 1Н, J=11 Hz: J= 1.9 Hz, =CHH_), 5.17 (dd, 1H, J= 16 Hz: 
J= 1.9 Hz, =CHH.), 5.44-6.04 (m, 1H, CH,=CH2), 7.00-7.38 (m, 5H, SPh) ppm. 
1 H NMR (CDCI3+D20): δ 0.0 (s, 9H, SiMe3), 1.7-1.9 (m, 2H, -CH-CJH-), 3.6-3.9 (m, 
2H, -СМг-ОН), 5.03 (dd. 1H. J=11 Hz: J= 1.9 Hz, =CHH), 5.17 (dd, 1H, J= 16 Hz: J= 
1.9 Hz, =CHH), 5.44-6.04 (m, 1H, CH=CH2), 7.00-7.38 (m, 5H, SPh) ppm. 
IR(CCI4):v 3460 (-OH), 1478, 1438 (CH2OH), 1260 (SiMe3), 1248 (SiMe3) cm-1. 
MS(EI) m/e=278 (M+), 261 (M+-OH), 247 (M+-CH2-OH), 73 (SiMe3+). 
EI/HRMS m/e: 278.11625± 0.00081 (cale, for C1 5H2 2OSSi (M+): 278.1161). 
4-phenylthio-4-trimethylsHyl-but-3-en-2-one (40) 
A solution of vinylsilane 1k (0.50 g, 1.62 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (0°C) solution of lithium diisopropylamide [8.0 mmol, 
prepared from diisopropylamine (0.81 g. 8.0 mmol) and n-butyllithium (5.0 mL, 1.6 
M, 8.0 mmol)] in THF (50 mL). After stirring for 30 min at 0°C a saturated aqueous 
sodium chloride solution (50 mL) was added and the aqueous layer was extracted 
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three times with dichloromethane (30 mL). The combined organic layers were dried 
over magnesium sulfate and concentrated in vacuo. The crude product was purified 
by column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl 
acetate= 3:1, v/v), to give 0.357 g (86%) of 40. 
Spectral data of 40, see above. 
3-n-butyl- 1-methoxymethyl-2-trimethylsilyl-2-phenylthio-cyclopropane (41 ) 
A solution of vinylsilane 1k (0.50 g, 1.62 mmol) in THF (10 mL) was added dropwise 
to a stirred and cooled (0°C) solution of n-butyllithium (5.0 mL, 8.0 mmol) and 
TMEDA (0.93 g, 8.0 mmol) in THF (50 mL). After stirring for 30 min. at 0°C a solution 
of methyl iodide (3.0 g, 21 mmol) in THF (10 mL) was added. After stirring for 2 h at 
room temperature, a saturated aqueous sodium chloride solution (50 mL) was 
added. The aqueous layer was extracted three times with dichloromethane (30 mL) 
and the combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate= 3:1, v/v), to give 0.276 g, 
(53%) of 41. 
Ж NMR (CDCI3): δ 0.12 (s, 9H, SiMe3), 0.94-1.55 (m, 11 H, CH-CH-n-butyl), 3.37 (s, 3H, OMe), 3.49 (dd, 1H, J= 12 Hz: J=9.0 Hz, C-HCtL-O), 3.85 (dd, 1H, J= 12 Hz: 
J=6.9 Hz, C-HCH-O), 7.0-7.42 (m, 5H, SPh) ppm. 
IR(CCI4): ν 1385 (SiMe3), 1248 (SiMe3) cm"1. 
E/Z 1-Trimethylsilyl-1-phenylthio-2-n-butyl- 1,3-butadiene (42) 
A solution of 2-phenylthio-2-trimethylsilyl-3-n-butyl-cyclopropylmethanol 39c (0.1 g, 
0.32 mmol) and p-toluenesulfonic acid monohydrate (0.01 g, 0.05 mmol) in THF (50 
mL) was heated under reflux for 12 h. After cooling to room temperature, a saturated 
aqueous potassium carbonate solution was added. The aqueous layer was 
extracted three times with dichloromethane (30 mL) and the combined organic 
layers were dried over magnesium sulfate and concentrated in vacuo. The crude 
product was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : ethyl acetate= 19:1, v/v), to give 0.072 g, (78%) of 42 as an colorless oil. 
1 H NMR (CDCI3): δ 0.05 (s, S¡Me3), 0.08 (s, SiMe3), 0.94-1.55 (m, 7H, -CH2-CH2-
СНз), 1.7-1.8 (m, 2Н, С3Н7-СН2), 3.23-4.0 (m, 2Н, =СН2), 5.1-5.2 (m, 1Н, СН=), 
7.1-7.6 (m, 5Н, Ph)ppm. 
IR(CCI4): ν 1385 (SiMe3), 1248 (SiMe3) cm'1. 
MS(CI) m/e: 291 (M++1), 109 (PhS+), 73 (Me3Si+). 
(2S,3S)-2-n-Butyl-3,4-isopropylidenedioxy-1-phenylthio-1-trimethylsilyl-butane 
(43a) 
A solution of vinylsilane 1k (0.25 g, 0.81 mmol) in THF (10 mL) was added dropwise 
to a stirred and cooled (-78°C) solution of n-butyllithium (1.5 mL, 1.6 M, 2.4 mmol) 
and TMEDA (0.27 g, 2.4 mmol) in THF (50 mL). After stirring for 2 h at -78°C a 
saturated aqueous sodium chloride solution (50 mL) was added and the reaction 
mixture was warmed to room temperature. The aqueous layer was extracted three 
times with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
19:1, v/v), to give 0.269 g, (91%) of 43a. 
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1H NMR (CDCI3): δ 0.1 (s, 9Η, S¡Me3), 0.9-1.7 (m, 16H, СН_-(СН2)3-СН_з : 
C(CÜ3)2), 2.6 (d, 1H, J=2.4 Hz, PhS-CÜ-SiMe3), 3.5 (t, 1H, J= 7.5 Hz, -O-JJCH-CH-
0-), 3.83 (t, 1H, J= 7.5 Hz, -О-НСН-СН-О-), 4.45 (dt, 1H, J= 7.5 Hz: J= 4.5 Hz, CH2-
CÜ-0-), 7.2-7.4 (m, 5H, SPh) ppm. 
IR(CCl4): ν 1248 (віМез) сгтг1. 
(2S, 3S,4S)-5-Benzyloxy-2-n-butyl-3,4-isopropylidenedioxy-1 -phenylthio-1 -
trimethylsilyl-pentane (43b) 
A solution of vinylsilane 11 (0.428 g, 1.0 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (-78°C) solution of n-butyllithium (1.9 mL, 1.6 M, 3.0 mmol) 
and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C a 
saturated aqueous sodium chloride solution (50 mL) was added and the reaction 
mixture was warmed to room temperature. The aqueous layer was extracted three 
times with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
39:1, v/v), to give 0.38 g, 0.78 mmol (78%) of 43b. 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 0.7-1.2 (m, 16H, СН_-(СН_2)з-С]±з : 
С(СЫз)2). 2.46 (d, 1Н, J=0.9 Hz, PhS-CM-SiMe3), 3.19-3.39 (m, 2H, Bn-0-CÜ2-CH-
< H 3.61 (ddd, 1H, J= 9.0 Hz: J= 8.1 Hz: J= 3.0 Hz,-0-CH2-CH(-0-)), 4.07 (d, 1H, J= 
8.1 Hz, -0-CH2-CH(-0-)-CH.(-0-)), 4.31 (d, J= 2.15 Hz, 2H, PI1-CH2-O-), 6.91-7.1 (m, 
5H, SPh), 7.09 (s, 5H, Ph) ppm. 
IR(CCI4): ν 3060, 3025, 2980, 2950, 2920, 2860, 1478, 1453, 1436, 1368, 1378, 
1240, 1166, 1080, 1023 cm-1. 
MS(EI) m/e: 486 (M+), 471 (M+-Me), 379 (M+-PhCH20), 91 (PhCH2+ ,100%), 73 
(Me3Si+). 
EI/HRMS m/e: 486.26220 ±0.0014. (cale, for C28H42O3SS1 (M+): 486.26234). 
(2R,3R,4S,5R)-2-n-Butyl-3,4:5,6-bis(isopropylidened¡oxy)-1-phenylthio-1-trimethyl-
silyl-hexane (43c) 
A solution of vinylsilane 1m (0.408 g, 1.0 mmol) in THF (10 mL) was gradually 
added to a stirred and cooled (-78°C) solution of n-butyllithium (1.9 mL, 1.6 M, 3.0 
mmol) and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C a 
saturated aqueous sodium chloride solution (50 mL) was added and the reaction 
mixture was warmed to room temperature. The aqueous layer was extracted three 
times with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v) to give 0.415 g (89%) of 43c. 
1H NMR (CDCI3): δ 0.18 (s, 9H, SiMe3), 0.8-1.4 (m, 22H, СН_-(СН2)3-СН_з : 
C(CÜ3)2), 2.5 (d, 1H, J=3.0 Hz, PhS-CH,-SiMe3), 3.33 (t, 1H, J= 7.5 Hz, -O-HCH-
CH-0-), 3.6- 4.0 (m, 3H, -0-HCH_-CH.(-0-)-CtL-0-), 4.36 (d, 1H, J= 8.4 Hz, -СЩ-0-)-
CH-Bu), 7.0-7.3 (m, 5H, SPh) ppm. 
IR(CCI4): ν 3060, 2980, 2950, 2930, 2870, 1478, 1451, 1438, 1368, 1240, 1210, 
1163, 1060, 911 cm-1. 
MS(EI) m/e:466 (M+), 451 (M+-Me), 73 (Me3Si+,100%)). 
EI/HRMS m/e. 466.2575 ±0.0014. (cale, for C25H42O4SS1 (M+): 466.25731). 
(2S.3S)-2-n-Butyl-3,4-isopropylidenedioxy-1-phenylthio-butane (44) 
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A solution of vinylsilane 1k (0.25 g, 0.81 mmol) in THF (10 mL) was added dropwise 
to a stirred and cooled (-78°C) solution of n-butyllithium (1.5 mL, 1.6 M, 2.4 mmol) 
and TMEDA (0.27 g, 2.4 mmol) in THF (50 mL). After stirring for 2 h at -78°C a 
saturated aqueous sodium chloride solution (50 mL) was added and the reaction 
mixture was warmed to room temperature. The aqueous layer was extracted three 
times with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was dissolved in 
methanol (20 mL) and added to a solution of tetrabutylammonium fluoride (0.9mL, 
1M, 0.9 mmol) in THF. After stirring over night, a saturated aqueous solution of 
ammonium chloride (20 mL) was added. The aqueous layer was extracted three 
times with dichloromethane (25 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
19:1, v/v) to give 0.198 g (83%) of 44 on GLC one single compound. 
1H NMR (CDCI3): 5 0.8-1.7 (m, ЮН, СЫ-(Сиг)3-СМз), 1.34 (s, ЗН, С(СМз)2), 1.40 (s, ЗН, С(Сиз)2), 2.83 (dd, 1Н, J=12.8 Hz: J= 6.0Hz, PhS-CH^), 3.06 (dd, 1H, 
J=12.8 Hz: J= 6.0Hz, PhS-CÜ2), 3.6 (dd, 1H, J= 7 Hz: J=6.1 Hz, -O-ÜCH-CH-O-), 
3.93 (dd, 1H, J= 7.7 Hz: J=6.1 Hz, -O-HCH-CH-O-), 4.22 (dt, 1H, J= 7 Hz: J= 6.1 Hz, 
-O-HCH-CÜ-O-), 7.2-7.4 (m, 5H, SPh) ppm. 
IR(CCl4):v 3065, 3050, 2980, 2950, 2920, 2860, 1478, 1436, 1378, 1366, 1240, 
1209, 1055, 1023, 855, 690 спИ. 
MS(EI) т/ : 294 (M+), 279 (M+-Me), 123 (PhSCH2+, 100%). 
EI/HRMS m/e: 294.16547 ±0.00059. (cale, for C17H26O2S (M+): 294.16535). 
(2S, 3S)-2-n-Butyl-3,4-isopropylidenedioxy-1 -methylsulfinyl-1 -phenylthio-butane 
(46) 
A solution of vinylsilane 1k (0.50 g, 1.62 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (-78°C) solution of n-butyllithium (5.0 mL, 1.6 M, 8.0 mmol) 
and TMEDA (0.93 g, 8.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C, the 
reaction mixture was added to a solution of sulfur dioxide (excess) in dry THF (50 
mL) while protected from light. This mixture was stirred for 3 h at -78°C and was 
warmed to room temperature and concentrated in vacuo. The residue was dissolved 
in THF (100 mL), cooled to -78°C and then methyllithium (5.0 mL, 1.6 M, 8.0 mmol) 
was added. After stirring for 2 h at 0°C a saturated aqueous sodium chloride 
solution (50 mL) was added and the reaction mixture was warmed to room 
temperature. The aqueous layer was extracted three times with dichloromethane (30 
mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 2:1, v/v), to give 0.202 g 
(35%) of 46. 
Ж NMR (CDCI3): δ 0.9-1.5 (m, 16H, СЦ-(СН2)3-СН3 : С(Сиз)2). 2.3 (s, ЗН, СН3-
S=0), 3.5 (dd, H, J=12.6 Hz: J= 7.5 Hz, 1-0-HCH-CH-0-), 3.7-4.3 (m, ЗН, -0-НСМ-
CHi-0-)-CH-[SPh]-S(0)Me), 7.2-7.4 (m, 5H, SPh) ppm. 
IR(CCl4): ν 1055 (S=0) cm"1. 
MS(CI) m/e:357 (M++1). 
CI/HRMS т/ : 357.1560 ±0.0011. (cale, for C 1 8 H290 3 S 2 (M++1): 357.1558). 
(2S,3S)-2-n-Butyl-3,4-isopropylidenedioxy-1-phenylsulfonyl-1-trimethylsilyl-butane 
(48) 
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A solution of vinylsilane 34 (1.0 g, 2.95 mmol) in THF (25 mL) was gradually addec 
to a stirred and cooled (0°C) solution of л-butyllithium (5,5 mL, 1.6 Μ, Θ.8 mmol) anc 
tetramethylethylenediamine (TMEDA)(1.0 g, 8.8 mmol) in THF (200 mL). Afte 
stirring for another 30 min at 0°C, a saturated aqueous solution of ammoniurr 
chloride (100 mL) was added. The aqueous layer was extacted three times witf 
dichloromethane (25 mL). The combined organic layers were dried over magnesium 
sulfate and concentrated in vacuo. 1 H NMR and GC of the crude product shows а 
80% of the desired product. The crude product was purified by columr 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate =19:1, v/v 
crystallization from toluene/petroleum ether to give 0.29 g, 0.74 mmol (25%) of 4( 
and 0.619 g (65%) of desilylated product 49. 
1H NMR (CDCI3): δ 0.40 (s, 9H, SiMe3), 0.85 (s, 3H, Me2C), 0.9 (s, ЗН, Ме2С), 1.25 (m, 9Н, C-C4Ü9). 1.99 (m, 1Н, СН-С4Н9), 3.12 (t, 1Н, J= 7.7 Hz, -0-СН2-СН[0-]) 
3.44 (d, 1Н, J= 0.8 Hz, Si-CM-S02Ph), 3.82 (q, 1H, J=7.7 Hz, -O-Ctb-CHIO-]), 3.9C (dd, 1H, J=8.0 Hz, J=5.8 Hz, -0-CH.2-CH[0-]-C), 7.5-7.9 (m, 5H, Ar) ppm. 
IR (CCI4): ν 1300 (SO2), 1140 (SO2) cm-1. 
MS(CI) m/e: 471 (M++SiMe3), 399 (M++1), 383 (M+-CH3), 341 (M+- Мв2-С=0), 32ί (M+- SiMe3), 101 (C5H902+), 73 (SiMe3+). 
Anal.calc. for C2oH3404SiS: С, 60.26: Η. 8.60: S, 8.04: found: С, 59.50: H, 8.47: S 
8.05. 
Spectral data of 49: 
"Ή NMR (CDCI3): δ 0.85 (s, ЗН, Me2C), 0.9 (s, ЗН, Me2C), 1.26 (m, 9Н, С-С4Н9) 
2.19 (m, 1Н, CJI-C4H9). 3.03 (dd, 1Н, J=14.7 Hz, J=7.8 Hz , -CH_2-S02-Ph), 3.33 (dd, 1H, J=14.7 Hz, J=3.0 Hz, -CÜ2-S02-Ph), 3.59 (dd, 1H, J=8.51 Hz, J=6.31 Hz, • 
0-СН2-СЫ-0), 4.01 (dd, 1H, J=8.51 Hz, J=6.6 Hz, -О-СНг-СН-О), 4.13 (q, 1H, J=6.£ 
Hz, -О-СНг-СН-О), 7.5-7.9 (m, 5H, Ar) ppm. 
IR (CCI4): ν 1300 (SO2), 1140 (SO2) cm-1. 
Other diastereomer of 49 (formed when no TMEDA is used): 
1 H NMR (CDCI3): δ 0.85 (s, ЗН, Me2C), 0.9 (s, ЗН, Ме2С), 1.26 (m, 9Н, С-С4Н9), 
2.19 (m, 1Н, СН-С4Н9), 3.04 (dd, 1Н, J=14.7 Hz, J=7.7 Hz , -CJH2-S02-Ph), 3.34 (dd, 1H, J=14.7 Hz, J=3.0 Hz, -Cü2-S02-Ph), 3.59 (dd, 1H, J=8.5 Hz, J=6.3 Hz, -O-
CH2-CH-0), 4.0 (dd, 1H, J=8.5 Hz, J=6.6 Hz, -O-CH^-CH-O), 4.31 (q, 1H, J=6.7 Hz, 
-O-CH2-CH-O), 7.5-7.9 (m, 5H, Ar) ppm. 
IR (CCL4): ν 1300 (S02), 1140 (S02) cm"1. 
MS(CI) m/e: 327 (M++1), 101 ( CH2-(0-C(CH3)2-0-)-CH+, 100%). 
(2S)-2-((1S)-1,2-lsopropylidenedioxyethyl)- 1-phenylsulfonylhexane (49) 
A solution of tetrabutylammonium fluoride (0.1 mL, 1M, 0.1 mmol) in THF was added 
to stirred solution of (2S,3S)-2-n-butyl-3,4-isopropylidenedioxy-1-phenylsulfonyl-1-
trimethyl silyl-butane 48 (0.04 g, 0.10 mmol) in methanol (20 mL). After stirring ovei 
night, a saturated aqueous solution of ammonium chloride (20 mL) was added. The 
aqueous layer was extracted three times with dichloromethane (25 mL). The 
combined organic layers were dried over magnesium sulfate and concentrated ir 
vacuo. The crude product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate =19:1, v/v) to give 0.03 g (85%) of 49, which 
according to GLC consists of one single diastereomer. 
Spectral data, see above. 
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(2S)-2-((1S)-1-2-lsopropylidenedioxyethyl)-1-methylsulfinyl-1-phenylsulfonyl-
hexane (51) 
A solution of vinylsilane 34 (0.96 g, 2.8 mmol) ¡η THF (10 mL) was added dropwise 
to a stirred and cooled (0°C) solution of TMEDA (1.0 g, 8.Θ mmol) and л-butyllithium 
(5.5 mL, 1.6 M, 8.8 mmol) in THF (50 mL). After stirring for 30 min, the reaction 
mixture was added dropwise to a stirred and cooled (-78°C) solution of sulfur 
dioxide (excess) in THF (50 mL), while protected from light. After stirring for another 
30 min at -78°C and 45 min at room temperature the reaction mjxture was 
concentrated in vacuo. The residue was dissolved in THF (50 mL), brought under 
argon while stirring and again cooled to -78°C, and methyllithium (2 mL, 1.6 M, 3.2 
mmol) was added. After stirring for another 30 min. at -78°C a saturated aqueous 
solution of ammonium chloride (100 mL) was added and the aqueous layer was 
extracted three times with dichloromethane (30 mL). The combined organic layers 
were dried over magnesium sulfate and concentrated in vacuo. The product was 
crystallized from toluene/hexane to give 0.34 g ( 31%) of 51, as white crystals. 
1 H NMR (CDCI3): δ 0.8-1.5 (m, 16H, CHC4Ü9 С(СШ)г), 2.67 (d, ЗН, S=0-Me), 3.2 
(m, 1H, C-H(S02Ph), 3.5 (m, 1H, CH-O), 3.8 (m, 1H, CH2-0), 4.1 (m, 1H, CH2-0), 
7.23-7.5 (m, 3H, S02Ph), 7.7-7.9 (m, 2H, S02Ph) ppm. 
IR (CCL4): ν 1300 (S02), 1140 (S02), 1055 (S=0) cm"1. 
MS(CI)m/e: 389ÍM++1). 
CI/HRMS m/er. 389.1457 ±0.0015. (cale, for C18H29O5S2 (M++1): 389.1457). 
Reaction of vinylsilane (11) with methyllithium 
A solution of vinylsilane 11 (0.428 g, 1.0 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (0°C) solution of methyllithium (1.9 mL, 1.6 M, 3.0 mmol) and 
TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 3 h at 0°C a saturated 
aqueous sodium chloride solution (50 mL) was added. Then the reaction mixture 
was warmed to room temperature. The aqueous layer was extracted three times with 
dichloromethane (30 mL). The combined organic layers were dried over magnesium 
sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 9:1, v/v) 
to give 0.120 g (43%) of 3-methyl-1-phenylthio-1-trimethylsilyl-penta-1,4-diene-3-ol 
52a, 0.036 g (13%) of 1-phenylthio-1-trimethylsilyl-hex-1-en-3-one 53 and 0.081 g 
(21%) of 2-benzyloxy-1-(1-methyl-2-phenylthio-2-trimethylsilyl-cyclopropyl)-1-
ethanol 39g. 
Spectral data of 52a: 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.54 (s, ЗН, С-СЫз), 1.8 (brs, 1Н, -ОН), 5.11 (dd, 1Н, J=10.4 Hz: J=1.5 Hz, =C-H), 5.25 (dd, 1H, J=17.9 Hz: J=1.5 Hz, =C-M), 6.13 
(dd, 1H, J=17.9 Hz: J=10.4 Hz, =C-HJ, 6.62 (s, 1H, H-C=C-SiMe3), 7.25-7.37 (m, 5H, 
Ar) ppm. 
IR(CCI4): ν 3440 (-OH), 1025 (=C-H), 910 (=C-H) с г И . 
MS(EI) m/e: 278 (M+), 263 (M+-CH3), 73 (Me3Si+, 100%). 
EI/HRMS m/e: 278.11598 ±0.00081 (cale, for C15H22OSS1 (M+): 278.11607). 
Spectral data of 53: 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.05 (t, 3H, J= 7.5 Hz, -CH2-CH3), 1.70 (m, 
2H, -Ctì2-CH3), 2.53 (t, 2H, J= 7.0 Hz, -CH2-C=0), 6.53 (s, 1H, =C-H). 7.2-7.6 (m, 
5H, -SPh) ppm. 
IR(CCI4): ν 1665 (C=0),. 1495, 1470, 1440, 1245 спИ. 
MS(EI) m/e: 278 (M+), 263 (M+-Me), 235 (M+-CH2-CH2-CH3), 73 (Me3Si+, 100%). 
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EI/HRMS m/e: 278.11598 ±0.00081 (cale, for C15H22OSS1 (M+): 278.11607). 
Spectral data of 39g: 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.2-1.45 (m, 6H, -ОН, -СЦ-СМ-Сиз), 3.5-3.6 (m, 2H, C-CH(OH)-CÜ2-0-), 3.9-4.1 (m, 1H, -СЩЭН)-), 4.58 (dd, 2H, J=11 Hz: J= 8 
Hz, Ph-CH2-0-), 7.10-7.33 (m, 10H, SPh: Ph) ppm. 
IR(CCI4): ν 3540 (OH), 1245 (SiMe3) cm-1. 
MS(EI) m/e: 386 (M+), 295 (M+-PhCH2), 265 (M+-[CH2-0-CH2-Ph]), 235 (M+-[CH(OH)-CH2-0-CH2-Ph]), 91 (PhCH2+), 73 (Me3Si+, 100%). 
EI/HRMS m/e: 386.1733 ±0.0011 (cale, for C22H3o02SSi (M+): 386.1736). 
Reaction of vinylsilane (11) with n-butyllithium 
A solution of vinylsilane 11 (0.428 g, 1.0 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (-78°C) solution of n-butyllithium (1.9 mL, 1.6 M, 3.0 mmol) 
and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C and for 
3 h at 0°C a saturated aqueous sodium chloride solution (50 mL) was added. Then 
the reaction mixture was warmed to room temperature. The aqueous layer was 
extracted three times with dichloromethane (30 mL). The combined organic layers 
were dried over magnesium sulfate and concentrated in vacuo. The crude product 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : 
ethyl acetate = 9:1. v/v), to give 0.244 g (57%) of 39h and 0.016 g (5%) of 52b. 
Spectral data of 39h: 
1 H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 0.9-1.7 (m, 12H, -OH, -CH-CÜ-n-Bu), 3.3-3.7 (m, 2H, С-СН(ОН)-СН2-0-), 3.9-4.1 (m, 1Н, CÜ(OH)-), 4.56 (dd, 2Н, J=8.4 Hz: J= 4.9 
Hz, Ph-CH2-0-), 7.10-7.33 (m, 10H, SPh: Ph) ppm. 
IR(CCl4): ν 3540 (OH), 1245 (SiMe3) crrH. 
MS(EI) m/e: 428 (M+), 337 (M+-PhCH2), 307 (M+-[CH2-0-CH2-Ph]), 277 (M+-[CH(OH)-CH2-0-CH2-Ph]), 91 (PhCH2+), 73 (Me3Si+, 100%). 
EI/HRMS m/e. 428.2206 ±0.0013 (cale, for C25H3602SSi (M+): 428.2205). 
Spectral data of 52b: 
1H NMR (CDCI3): δ 0.0 (S. 9H, SiMe3). 0.9-1.4 (m, 9H, C-C4H9). 1-8 (br s, 1H, -OH), 
5.11 (dd, 1H, J=10.4 Hz: J=1.5 Hz, =C-Ü). 5.35 (dd, 1H, J=17.9 Hz: J=1.5 Hz. =C-H). 
6.05 (dd. 1H. J=17.2 Hz: J=10.4 Hz. =C-H). 6.58 (s, 1H, H,-C=C-SiMe3). 7.30-7.6 (m, 
5H, Ar) ppm. 
IR(CCl4): ν 3440 (-OH), 1025 (=C-H), 910 (=C-H) cm-1. 
MS(EI) m/e : 320 (M+). 305 (M+-Me). 263 (M+-Bu), 73 (SiMe3+). 
EI/HRMS m/e: 320.16295 ±0.00095 (cale, for C-ie^eOSSi (M+): 320.16302). 
(2S, 3R, 4S, 5S)-4,5-lsopropylidenedioxy-3-(phenylthio-trimethyl-silyl-methyl)-2· 
phenyl-tetrahydropyran (55) 
A solution of vinylsilane 11 (0.428 g, 1.0 mmol) in THF (10 mL) was gradually added 
to a stirred and cooled (-78°C) solution of LDA (prepared from diisopropylamine 
(0.304 g, 0.42 mL, 3.0 mmol) and n-butyllithium (1.9 mL, 1.6 M, 3.0 mmol)) in THF 
(50 mL). After stirring for 2 h at -78°C and for 3 h. at 0°C a saturated aqueous 
sodium chloride solution (50 mL) was added. Then, the reaction mixture was 
allowed to attain room temperature. The aqueous layer was extracted three times 
with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
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9:1, v/v), to give 0.346 g (81%) of 55 as a mixture of diastereomers, one isomer was 
purified by repeated crystallization in toluene/ hexane. 
1H NMR (CDCI3): δ 0.22 (s, 9H, SiMe3), 1.68 (m, 1H, CtLSPh), 1.69 (s, 3H. 
C(CH3)2), 1.72 (s, 3H, С(СНз)г). 1-84 (t, 1H, J= 9.7 Hz, CM-CHSPh), 2.84 (d, 1H, J= 
9.7Hz, CHPh), 3.15 (dd. 1H, J= 12.1Hz: J= 5.4Hz, -CH(-0-)-CÜ2-0-), 3.33 (dd, 1H, 
J= 12.1Hz: J= 3.1Hz. -CH(-0-)-Ctl2-0-), 4.16 (ddd, 1H, J=3.1Hz: J=5.4Hz: J=7.3Hz, 
•CM(-0-)-CH2-0-), 4.74 (dd, 1H, J= 7.3Hz: J= 10.0Hz, -Ctl(-0-)-CH(-0·)). 7.2-7.94 
im, ЮН, Ph, SPh) ppm. 
i 3 c NMR (CDCI3): 5 -2.34 (SiMe3). 27.39 ((Ç_H3)2C-), 27.52 ((СН3)2С-), 31.0 (СН), 
31.36 (СН). 61.42 (СН2). 62.24 (СН-О), 74.52 (СН-О), 82.23 (СН-О), 109.28 ((СН3)г£-). 124.94 (C-Η, Ph). 126.77 (C-Η, Ph). 127.91 (C-Η, Ph), 128.04 (C-Η, Ph), 
128.24 (C-Η. Ph), 129.20 (C-Η. Ph), 137.12 (quarternair-C.Ph). 137.43 (quarternair-
C,Ph) ppm. 
IR(CCI4): ν 3060, 3020, 2980, 2950, 2930, 2890, 2870, 1475, 1450, 1440, 1380, 
1370, 1240 (SiMe3), 1160, 1100, 1040, 905, 870, 700 cm-1. 
MS(CI) m/e: 428 (M+). 
CI/HRMS m/e: 428.1831 ±0.0011 (cale, for C24H3203SS¡ (M+): 428.18415). 
Reaction of vinylsilane (1 m) with n-butyllithium 
A solution of vinylsilane 1m (0.408 g, 1.0 mmol) in THF (10 mL) was gradually 
added to a stirred and cooled (-78°C) solution of n-butyllithium (1.9 mL, 1.6 M, 3.0 
mmol) and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C 
and for 3 h at 0°C a saturated aqueous sodium chloride solution (50 mL) was 
added. The aqueous layer was extracted three times with dichloromethane (30 mL). 
The combined organic layers were dried over magnesium sulfate and concentrated 
in vacuo. The crude product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 6:1, v/v), to give 2,3-isopropylidenedioxy-
1-(2-phenylthio-2-trimethyl-silyl-3-n-butyl-cyclopropyl)-1-propanol 39І and 3-л-
butyl-6-phenylthio-6-trimethylsilyl-hexa-2,5-diene-1,4-diol 56a. 
Spectral data of 56a: 
1 H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3). 0.9-1.8 (m, 14H, HO-C-C4Ü9), 4.17 (dd, 2H. 
J1=5.2 Hz: J2=13 Hz, CH-CH2OH), 5.86 (dtr, 1H, J i= 15.6 Hz: Ü2=5.2 Hz, =CH_-
CH2OH), 5.95 (dtr, 1H, J i= 15.6 Hz: J2=1.3 Hz, С(ОН)-СН_=СН-), 6.60 (s, 1H, 
(PhS)C=C-HJ, 7.2-7.5 (m, 5H, -SPh) ppm. 
IR(CCl4): ν 3450 (-OH), 1245, 1475, 1438, 1370 cm-"1. 
MS(EI) m/e:350 (M+). 
Spectral data of 391: 
1H NMR (CDCI3): δ 0.17 (s, 9H, SiMe3), 0.9-1.89 (m, 18H," СН_-Си-С4Мэ: -ОН: 
С(СМз)2). 3.40-3.65 (m, ЗН, -СН(-0-)-СН2(-0-)), 3.83-4.05 (ddd, 1Н, С-СН_(-ОН)-С-
0-), 7.05-7.3 (m, 5Н, SPh) ppm. 
IR(CCl4): ν 3470 (-ОН). 1475, 1438, 1370, 1378, 1242, 1210, 1156, 1062, 691 cm"1. 
MS(EI) m/e: 408 (M+), 393 (M+-Me), 101 (СН2-(0-С(СН3)2-0-)-СН+), 277 (М+-[СН2-(0-С(СН3)2-0-)-СН-СН(ОН)]), 73 (Me3Si+, 100%). 
EI/HRMS m/e: 408.2154 ±0.0012 (cale, for C22H36O3SS1 (M+): 408.21545). 
Reaction of vinylsilane (1m) with methyllithium 
A solution of vinylsilane 1m (0.408 g, 1.0 mmol) in THF (10 mL) was gradually 
added to a stirred and cooled (-78°C) solution of methyllithium (1.9 mL. 1.6 M, 3.0 
mmol) and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). After stirring for 2 h at -78°C 
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and for 3 h at 0°C a saturated aqueous sodium chloride solution (50 mL) was 
added. The aqueous layer was extracted three times with dichloromethane (30 mL). 
The combined organic layers were dried over magnesium sulfate and concentrated 
in vacuo. The crude product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 3:1, v/v), to give 2,3-isopropylidenedioxy-
1-(2-phenylthio-2-trimethylsilyl-3-methyl-cyclopropyl)-1-propanol 39k and 3-methyl-
6-phenylthio-6-trimethylsilyl-hexa-2,5-diene-1,4-diol 56b. 
Spectral data of 56b: 
1H NMR (CDCI3): 6 0.0 (s, 9H, SiMe3), 1.54 (s, ЗН, С-СН_з), 4.15 (dd, 2Н. J 1=5.2 
Hz: J2=1.3 Hz, =CH-CJd20H), 5.84 (dtr, 1H, J-|= 15.6 Hz: J2=5.2 Hz, -CH=CfcL-
CH2OH), 5.95 (dtr, 1H, J1= 15.6 Hz: J2=1.3 Hz, C(OH)-CtL=C), 6.64 (s, 1H. 
PhSC=C-HJ. 7.20-7.34 (m, 5H, -SPh) ppm. 
IR(CCI4): ν 3450 (-OH), 1245, 1475, 1438, 1370 cm-1. 
MS(EI) m/e: 308 (M+), 277 (M+-CH20H), 101 (НО+=ССНз-СН=СН-СН2-ОН]), 73 
(Me3Si+). 
EI/HRMS m/e: 308.12678 ±0.00091 (cale, for C16H24O2SS1 (M+): 308.12663). 
Spectral data of 39k: 
1H NMR (CDCI3): δ 0.0 (s, 9H. SiMe3). 0.9-1.37 (m, 12H, CH-CM-CH3: -OH), 1.32 (s. 6H, C(CÜ3)2), 3.62 (t, 1H, J= 6.0 Hz, -CH(-OH)-C-), з. -4.1 (m, 3H, -CM(-O-)-
CÜ2(-0-)). 7.13-7.36 (m. 5H, SPh) ppm. 
IR(CCI4): ν 3470 (-OH), 1475. 1438, 1370, 1378, 1242, 1210, 1156, 1062, 691 cm"1. 
MS(EI) m/e: 366 (M+). 351 (M+-CH3), 235 (M+-[CH2-(0-C(CH3)2-0-)-CH-
CH(OH)]), 101 (CH2-(0-C(CH3)2-0-)-CH+), 73 (Me3Si+, 100%). 
EI/HRMS m/e: 366.1685 ±0.0011 (cale, for C19H30O3SS1 (M+): 366.1685). 
Reaction of vinyisilane (1 m) with phenyllithium 
A solution of vinyisilane 1m (0.408 g, 1.0 mmol) in THF (10 mL) was gradually 
added to a stirred and cooled (-78°C) solution of phenyllithium (1.5 mL, 2.0 M in 
cyclohexane/diethyl ether, 3.0 mmol) and TMEDA (0.35 g, 3.0 mmol) in THF (50 mL). 
After stirring for 2 h at -78°C and for 3 h at 0°C a saturated aqueous sodium 
chloride solution (50 mL) was added. The aqueous layer was extracted three times 
with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v), to give biphenyl, 2-phenyl-2-propanol and 2,3-isopropylidene-dioxy-1-(2-
phenylthio-2-trimethylsilyl-3-phenyl-cyclo-propyl)-1 -propanol 391. 
Spectral data of 391: 
1H NMR (CDCI3): δ 0.0 (S, 9H, SiMe3), 1.25 (s, 6H, С(СНз)2). 1-66 (t, 1Н, J=6.6 Hz, 
Ph-СН-СЦ-), 1.8 (br s, 1H, -OH), 2.45 (d, 1H, J= 6.6 Hz, Ph-СЦ-СН-), 3.6-3.8 (m. 
3H,.-Chl(-0-)-CÜ2(-0-)), 4.0 (dd, 1H. J=6.9 Hz: J=4.8 Hz, CH-CH(-OH)-), 7.0-7.35 (m, 
10H. SPh: Ph) ppm. 
IR(CCI4):v3450(-OH)cm·1. 
MS(EI) m/e: 428 (M+), 413 (M+-CH3), 297 (M+-[CH2-(0-C(CH3)2-0-)-CH-
CH(OH)]), 73 (SiMe3+, 100%). 
EI/HRMS m/e: 428.1843 ±0.0017 (cale, for C24H32O3SS1 (M+): 428.1841). 
2-n-Butyl-5-phenylthio-5-trimethylsilyl-pent-3-en-1-ol (57) 
A solution of vinyisilane 1n (0.322 g, 1.0 mmol) in THF (10 mL) was added dropwise 
to a stirred and cooled (-78°C) solution of n-butyllithium (2.2 mL, 1.6 M, 3.5 mmol) 
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and TMEDA (0.39 g, 3.5 mmol) in THF (50 mL). After stirring for 2 h at -78°C, the 
reaction mixture was warmed to room temperature and a saturated aqueous sodium 
chloride solution (50 mL) was added. The aqueous layer was extracted three times 
with dichloromethane (30 mL). The combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v) to give 0.269 g, (83.5%) of impure 57. 
1 H NMR (CDCI3): δ 0.0 (s, 9H, БіМез), 0.63-1.26 (m, 9H, -Bu), 1.7 (brs, 1H, OH), 2.3 
(d, 1H, J=7Hz, -CH(SiMe3)SPh), 2.9-3.4 (m, 3H, -CH(n-Bu)-CÜ2-OH), 4.6-5.4 (m, 
2H, CH=CH), 7.0-7.14 (m, 5H, SPh) ppm. 
13c NMR (CDCI3): 8 -2.8 (q, ЭіМ з), 13.9 (q, -CH2-CH3), 22.9 (t, -C.H2-CH3), 29.2 
(t, CH2-CH2-CH2). 30.7 (t, C.H2-CH2). 38.3 (d, n-Bu-Ç_H-C=C), 45.6 (d, C=C-C_H-
S¡Me3), 66.3 (t, CH2OH), 125.7 (d, Ph), 128.5 (d, Ph), 129.5 (d, Ph), 130.6 (s, Ph), 
136.8 (s, C=C), 151.0 (s, C=C) ppm. 
IR(CCI4): ν 3460 (-OH), 1478, 1438 (CH2-OH), 1385 (SiMe3), 1248 (SiMe3) cm'1. 
MS(CI) m/e:322 (M+), 307 (М+-СНз), 291 (М+-СН20Н), 73 (SiMe3+, 100%). 
CI/HRMS m/e: 322.17858 ±0.00096. (cale, for C-ie^nOSSi (M+): 322.17867). 
2-n-Butyl-5-phenylthio-5-thmethylsilyl-pent-3-enyl acetate (58) 
Acetyl chloride (0.075 g, 0.93 mmol) was added to a cooled (0°C) solution of crude 
alcohol 57 (0.269 g, 0.84 mmol) and triethylamine (0.10 g, 0.93 mmol) in diethyl 
ether (25 mL) and was stirred for 3 h. The precipitate was removed by filtration and 
washed with diethyl ether (3 χ 10 mL). The combined filtrate and washings were 
concentrated in vacuo and purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 4:1, v/v) to give 0.244 g, (80%) of 58. 
1H NMR (CDCI3): δ 0.0 (s, 9H, ЭіМез), 0.55-1.2 (m, 9Н, -С4Н9), 1.82 (s, ЗН, 
СН3С=0), 2.32 (m, 1Н, -CjH-л-Ви), 3.07 (d, 1Н, J=9Hz, -CfcL-S¡Me3), 3.7 (m, 2Н, 
CÜ2-0-), 4.85 (dd, 1Н, J= 15Hz: J= 8.2Hz, C=CH), 5.24 (dd, 1H, J= 15Hz: J= 8.9Hz. 
C=CH), 7.0-7.2 (m, 5H, S-Ph) ppm. 
IR(CCI4): ν 1730 (C=0), 1440, 1380, 1365, 1230, 968 спИ (=C-H). 
MS (Cl) m/e: 364 (M+), 349 (M+-CH3), 305 (M+-CH3CO2), 255 (M+-PhS), 73 
(SiMe3
+
, 100%). 
CI/HRMS m/e: 364.1892 ±0.0011. (cale, for C20H32O2SSÍ (M+): 364.18923). 
Addition of alkyllithium to (3S)-3-(U,N-Dibenzylamino)-1-phenylsulfonyl-1-
trimethylsilyl-1-butène (35d ) 
A solution of 35d (0.463 g, 1.0 mmol) in THF (10 mL) was added to a stirred and 
cooled (-78°C) solution of alkyllithium (л-BuLi or MeLi, 2.5 mL, 4.0 mmol) in THF (30 
mL). After stirring for 3 h at -78°C, a saturated solution of aqueous sodium chloride 
was added. The aqueous layer was extracted with dichloromethane (3 χ 25 mL). 
The combined organic layers were dried over magnesium sulfate and concentrated 
in vacuo. The crude mixture was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80 °C : ethyl acetate= 19:1, v/v), to give adducts 59a and b, 
respectively. 
(1S.2S)- HM-Dibenzyl-1-methyt-2-phenylsulfonylmethyl-1-propylamine (59a) 
Starting from methyllithium (5.0 mL, 1.6 M) product 59a was synthesized as 
described above, yield 0.306 g (75%). 
1H NMR (in CDCI3): 6 0.95 (d, ЗН, J=4.1Hz, CH3-CH(N), 1.19 (d, ЗН, J=6.6Hz. 
CH3CH-CHN), 0.8-1.25 (m, 1H, CH3Cü-CHN), 2.1 (m, 2H, CH2S02Ph), 3.11 and 
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3 57 (AB, 4H, J= 13.4 Hz, (Ph-CÜ2)2-N), 3.4-3.8 (m. 1H, CH3-CH-N), 7.25-7.8 (m, 15 
H, Ar) ppm. 
IR (CCI4): ν 2860, 1450, 1275 (S02), 1125 (S02) СгИ. 
MS(CI) m/e: 408 (M++1), 266 (M+-S02Ph), 224 (CH3CHN(CH2Ph)2+), 91 
(PhCH2+). 
CI/HRMS m/e. 407.1921±0.0012 (cale, for C25H29NO2S (M++1): 407 1919) 
(1S.2S)- N,N-Dibenzyl-1-methyl-2-phenylsulfonylmethyl-1-hexylamine (59b) 
Starting from л-butyllithium (5.0 mL, 1.6 M) product 59b was synthesized as 
described above, yield 0.36 g (80%). 
"Ή NMR (in CCI4): δ 0.7-1.3 (m, 13H, CH_3-CH(N)-C]±-C4H£), 1.9 (m, 2H, 
CH2S02Ph), 3.57 and 3.83 (AB, 4H, J= 13.3 Hz, (Ph-CH^-N), 4.3 (m, 1H, CH3-
CJd-N), 7.25-7.8 (m, 15 H, Ar) ppm 
IR (CCI4): ν 2860, 1450, 1275 (S02), 1125 (SO2) cm'1. 
MS(CI) m/e: 450 (M++1), 224 (CH3CHN(CH2Ph)2+), 196 ((PhCH2)2N+), 91 
(PhCH2+). 
CI/HRMS m/e: 450.2469+0.0018 (cale, for C28H35NO2S (M++1): 450 24668). 
4-Phenyl- 1-phenylsulfonyl- 1-trimethylsilyl-buta· 1,3-diene (60) 
A solution of (35b) (0.539 g, 1.0 mmol) in THF (10 mL) was added to a stirred and 
cooled (-78°C) solution of n-butyhthium (2.5 mL, 4.0 mmol) m THF (30 mL). After 
stirring for 3 h at -78°C, a saturated solution of aqueous sodium chloride was 
added. The aqueous layer was extracted with dichloromethane (3 χ 25 mL). The 
combined organic layers were dried over magnesium sulfate and concentrated in 
vacuo. The crude mixture was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80 °C • ethyl acetate= 19.1, v/v), to give 0 22 g (63%) of 60 as a 
red oil 
1H NMR (in CCI4): δ 0.0 and 0.23 (s, 9H, БіМез), 6 6-7.8 (m, 13 H, Ar, =C-H) ppm. 
IR (CCI4): ν 2870, 1440, 1260 (S02), 1120 (S02) СПТ-·. 
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CHAPTER 4 
SYNTHESIS OF THIOPHENES FROM ALLENYL SULFONES INVOLVING 
α,β-UNSATURATED SULFINES AS INTERMEDIATES* 
4.1. Introduction 
During the past three decades the synthesis of a large variety of substituted sulfines 
has been reported1. Thus far, conjugated vinylsulfines received scarce attention in 
the literature. They have been prepared by oxidation of the corresponding α,β-
unsaturated thiones2, by rearrangement of vinyl-sulfinyl carbenes3, by oxidation of 
2,5-dimethylthiophene with singlet oxygen4 and as intermediates in a thermal 
fragmentation of their formal dimers5. All these routes have a limited scope. 
Oxidation of thiocarbonyl compounds is the most general route to sulfines1, 
although there are some limitations regarding the availability of suitable starting 
materials (see section 1.1). An alternative and also general approach to the 
synthesis of sulfines involves the Peterson alkylidenation of sulfur dioxide. The cc-
silyl carbanions required for this method of preparation can be obtained either by 
deprotonation of appropriate silyl compounds6 or by heteroconjugate addition7 of 
alkyllithium to vinylsilanes8 (see section 1.1). 
This chapter deals with a newly developed synthesis of conjugated vinylsulfines С 
involving heteroconjugate addition of a suitable nucleophile to a-silylated allenyl 
sulfones A, as is outlined in Scheme 4.1. 
Me3Si 
R SiMe3 N u 9 R ^ S C f c A r ^ 
R SCfeAr R Nu 
A В 
о. 
Me 3 Si > s / 
R \ /^SOfeAr 
4 S=:0 Me3SiO° 0 = S 
-Z R V— SQ>Ar 
Nu R N u 
Scheme 4.1 
An attractive feature of this proposed scheme is that allenyl sulfones are readily 
available starting materials9 and that heteroconjugate addition of various 
nucleophiles to these unsaturated sulfones has already been demonstrated10, a-
Silylation of these allenyl sulfones is quite feasible, thus providing the required 
* The essence of this chapter has been published: S. Braverman, P.F.T.M. van Asten , J.B. van 
der Linden and B. Zwanenburg, Tetrahedron Lett, 31, 3867 (1991). 
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Substrates Α. Takayama et a/.11 synthesized a silylated allenyl sulfone, substituted at 
Cywith a steroid skeleton, using a similar route. 
4.2. Results and discussion 
4.2.1. Synthesis of allenyl sulfones 
For the synthesis of allenyl sulfones, a [2,3]-sigmatropic rearrangement of 
appropriately substituted propargyl sulfinates was chosen12 (Scheme 4.2). 
OH 
R2 
о 
II 
pTolSN 
p-TolS(0)CI I 
EfcN R2 
2,6-lutidine 
CH3CN/ Δ 
R1 Η 
R2 SO2T0I-P 
Scheme 4.2 
This sequence of reactions allows the preparation of a variety of allenyl sulfones 
suitable for this study. The required propargyl sulfinates 2 are obtained from alcohols 
1 and p-toluenesulfinyl chloride in the presence of triethylamine. Heating of these 
sulfinates 2 in acetonitrile in the presence of 2,6-lutidine as the base, results in the 
[2,3]-sigmatropic rearrangement to allenyl sulfones 3 in good yields. 
Table 4.1. Conversion of alkynols 1 into allenyl sulfones 3. 
substrate 
1a 
1b 
1С 
1d 
1e 
R1 
Η 
Me 
Et 
Me 
Me 
R2 
Η 
Me 
Et 
Et 
Ph 
product 
3a 
3b 
3c 
3d 
3e 
vield (%) 
75* 
67 
58 
72 
78 
* performed in chlorobenzene containing СаСОз. 
The overall yields are collected in Table 4 . 1 . It should be noted that the 
rearrangement of 2a requires modified conditions, viz. heating in chlorobenzene in 
the presence of calcium carbonate as the base. When the usual conditions, i.e. 
heating in acetonitrile containing 2,6-lutidine, are employed a further rearrangement 
to acetylene 4 is taking place (Scheme 4.3), whereby 2,6-lutidine serves as proton 
transfer agent. The use of a heterogeneous base, such as СаСОз, prevents this 
prototopic shift. 
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о 
II pTolS 4 
-H 
H 
2,6-lutidine 
ι 
CH3CN/A 
2a 
Scheme 4.3 
1 Π 
SCfeTol -ρ 
За 
— У 
SCfeTol-p 
Allene Зе was formed spontaneously from sulfinate 2e. In fact, this sulfinate 2e 
could not be isolated. 
4.2.2. Silylation of allenyl sulfones 
Treatment of sulfones 3 with 1.1 equivalent of n-butyllithium at -78°C for 3 hours, 
followed by addition of 1.2 equivalent of trimethylsilyl chloride at the same 
temperature, resulted in the formation of the silylated allenyl sulfones 5, in almost 
quantitative yield (Scheme 4.4). 
M \ / H 1.n-BuLi.THF Me SiMe3 
M / SO^Tol-p 2 -7 8°C· M e 3 S i C I M / SQ.TOI-P 
3b 5b 
Scheme 4.4 
It should be emphasized however, that the silylation conditions are very critical. In 
initial experiments the reaction mixture obtained after treatment of allenyl sulfone 3b 
with 1.1 equivalent of n-butyllithium at -78°C, was allowed to reach 0°C before 
trimethylsilyl chloride was added. With this minor change in conditions, dimer 6 was 
obtained as the sole product in high yield. 
Me ι 
Me ! 
1. n-BuLi, THF 
SCfeTol-p -78°C 
Me Li 
Me SC feTol-p 
2. Me3SiCI 
0°C 
SOfeTol-p 
SOfcTol-p 
3 b 
Scheme 4.5 
For the formation of this dimer only a catalytic amount of base is needed. Almost 
quantitative dimerization was achieved by treatment of 3b with 10 molar percent of 
n-butyllithium. The dimerization is essentially a Michael addition of lithiated sulfone 
3b to the substrate itself. 
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A second remark concerns the purification of silylated allenyl sulfones 5. The usual 
chromatographic work-up cannot be applied, due to the instability of the products. 
Desilylation readily takes place during chromatography on alumina and silica gel. 
Also attempted recrystallization gave almost complete desilylation. From a spectral 
analysis, it was concluded that the desilylation reaction described above virtually 
takes place quantitatively. Therefore, these products were used as they were 
obtained from the silylation reaction. Silylation of all allenyl sulfones took place in a 
satisfactory manner, provided the proper conditions were applied. (a-Silyl-allenyl) 
sulfones are practically unknown11, probably because of their instability. 
4.2.3. Synthesis of a-silyl exocyclic allenyl sulfones 
The acetylenic alcohols derived from cyclic ketones were prepared in a manner 
which differs slightly from that used in section 4.2.1. Trimethylsilylacetylene was used 
instead of acetylene itself. Three cyclic ketones were incorporated in this study, viz. 
cyclopentanone, cyclohexanone and D(+)-camphor. The sequence of events is 
depicted in the Schemes 4.6. Treatment of the lithio trimethylsilylacetylide with cyclic 
ketone gave 7a,b,с Subsequently, a reaction with p-toluenesulfinyl chloride in the 
presence of triethylamine produced the sulfinates 8a,b,с almost quantitatively. Then 
thermal rearrangement in refluxing acetonitrile in the presence of 2,6-lutidine gave 
the allenyl sulfones 9a,b,с in good overall yields. It should be noted that in this step 
complete desilylation took place, partly during rearrangement and for the remainig 
part during column chromatography on silica gel. Silylation of allenyl sulfones 9 was 
performed as described in the preceding section, the yield was somewhat lower for 
10a,b.c (see Table 4.2). 
A 
SiMe3 ° c - s ^ T o l - p siMe3 
HOv J ^ „-Tnisimni О. ¿Г LiC=CSiMe3 , H U \ ^ p-TolS(0)CI 
Ft1 R2 . 7 f p c R
1
 П
2
 CH2CI2, Et3N R1 R2 
7 8 
„ „ , ... R1 SCfeTol-p R1 SObTol-p 
2,6-lutidine ν / ^ H 1.n-BuLi · - 4 p W - = ( 1n-BuLl , V=-=( 
CH3CN R2 H 2.Me3SiCI R 2 ^ ¡ М е д 
9 1 0 
Scheme 4.6 
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Table 4.2. Synthesis of (osilyl-allenyl) sulfones 10 
0 
o-
о 
11 ÍH„ 
Allenyl sulfone 
9a 
9b 
9c 
yield (%) 
65 
58 
61 
(a-silyl-allenyl) 
sulfone 
10a 
10b 
10c 
yield (%) 
59 
100 
57 
4.2.4. Heteroconjugate addition to a-silyl-allenyl sulfones 
The addition of an alkyllithium to (a-silyl-allenyl) sulfones was tested with substrate 
5b and methyllithium as the reagent. Thus, treatment of allenyl sulfone 5b with 
methyllithium (3 equivalents) at -78°C gave, after quenching with aqueous 
ammonium chloride, product 11b-|, in quantitative yield. Similary, n-butyllithium 
gave product 11Ьг. 
Me SiMe3 
R1 SQ>Tol -p 
5 
1. R2Li 
2. NH4CI, H 2 
Me3Si 
- "W~ 
H,O / ^ л . 
SOgTol-p 
R1 R2 
1 1 
Scheme 4.7 
Table 4.3 Heteroconjugate addition of organometallics to (a-silyl-allenyl) sulfones 5 
substrate 
5b 
5b 
5b 
5d 
5d 
5d 
5e 
R1 
Me 
Me 
Me 
Et 
Et 
Et 
Ph 
reagent 
MeLi 
n-BuLi 
Ph2CuLi 
MeLi 
MeMgl 
Me2CuLi 
MeLi 
product 
11b 1 
11 b 2 
1 1 b 3 
1 1 d i + 1 1 d 2 
1 1 d i + 1 1 d 2 
1 1 d i + 1 1 d 2 
11e 
vield (%) 
100 
95 
75 
92 
97 
99 
75 
No loss of the silyl substituent was observed. Conjugate addition of the methyl 
group to allenyl sulfone 5d using either methyllithium, methylmagnesium iodide or 
dimethylcopperlithium gave a mixture of geometrically isomeric 11di and 11d2 
(see Scheme 4.8). In both isomers the methyl signal of the ethyl group is shifted to 
higher field by 0.5-0.6 ppm in comparison with the starting material, probably as the 
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result of a deshielding by the aromatic ring. Mass spectral analysis and 13C-NMR 
spectra confirmed that 11d consists of a mixture of geometrical isomers in ratio of ca. 
3:2. 
1. MeLi Et )—SOfeTol-p Me )—SOfcTol-p 
2. NH4CI,H20 
Me3Si 
w 
Me Me 
H d i 
SCfeTol-  
Me3Si 
+
 e y > 
Et Me 
1 1 d 2 
Et SiMe3 
> = < 
Me SOfeTol -p 
5 d 
Scheme 4.β 
Addition of phenyllithium to 5b was without success, only unidentified products 
were obtained. However, diphenylcopperlithium gave the desired conjugated 
product 11Ьз in good yield. The results are collected in Table 4.3. 
4.2.5. Thiophene formation 
The aim of this project was to react the ot-silyl carbanions, obtained by the 
heteroconjugate addition of nucleophiles to a-silyl allenyl sulfones 5, with sulfur 
dioxide in order to synthesize α,β-unsaturated sulfines, as has been outlined in 
Scheme 4.1. Accordingly, the heteroconjugate adduct obtained from 5b and 3 
equiv. of methyllithium was treated with a solution of an excess of sulfur dioxide in 
THF at -78°C. The expected p-tolylsulfonyl-substituted sulfines С (see Scheme 4.1) 
are usually reactive species and therefore, 2,3-dimethyl-1,3-butadiëne was added to 
the reaction mixture as a typical sulfine trapping agent13. Surprisingly, no sulfine 
adduct was obtained at all. but 3,4-dimethyl-2-(p-tolylsulfonyl)thiophene 13b was 
isolated instead (Scheme 4.9). The same result was obtained in absence of 2,3-
dimethyl-1,3-butadiëne. When 1.1 equivalent of methyllithium was employed instead 
of 3 equivalents during the inital heteroconjugate addition, the same yield of the 
thiophene was obtained. 
Me SiMe3 1 - M e L . 
Me SO¿Tol-p 2 S 0 2 
Me У— SOfcTol-p 
Me Me 
irk 
S SCfeTol-p 
5 b 12b 13b 75% 
Scheme 4.9 
Thiophene formation was also accomplished in 75% yield starting from 
heteroconjugate adduct 11M (Scheme 4.7) by successive treatment with 1.1 
equivalent of n-butyllithium and excess of sulfur dioxide in THF. It should be noted 
that in the reaction mentioned above, the anion obtained by heteroconjugate 
addition or deprotonation, is added to a THF solution containing an excess of sulfur 
dioxide. This procedure was generally followed in the synthesis of sulfines by the 
9 3 
modified Peterson reaction. 
The novel cycloaromatization, shown in Scheme 4.9, can mechanistically be 
rationalized by assuming that initially an α,β-unsaturated sulfine 12 is formed as 
expected according to Scheme 4 . 1 . Subsequent proton abstraction, with 
trimethylsilanolate acting as the base, from the ^carbon atom of 12 leads to allylic 
anion 14a, alternatively described in its mesomeric form 14b. Intramolecular 
addition, which is conceivable from either mesomeric form of anion 14 (see Scheme 
4.10), leads to product 14c. Aromatization and concomitant deoxygenation can be 
envisaged by invoking a reaction with the excess sulfur dioxide as pictured in 
structure 14d. The elimination of SO32· is reminiscent of a novel Pummerer-type 
rearrangement, induced by sulfur dioxide under basic conditions. 
o = s 
1 2 
SOfeTol-p 
Base . С . - —
/
 y — HaC - ' \ SO^Tol-p 
Me R > 
Me 
fi 
У 4a-sq,Toi-p
 S O s 
Me R 
14a 
^ - S - 0 ® 
1 4 b 
u 
\0 ^ * H > / -^ L-SOfeTol-p B
 Ύ( 
Me R 
1 ΛΥ 
SQj 2 
SOsTol-p 
Me R 
14c 14d 1 3 
Scheme 4.10 
Recently Baudin et a/.14 also found a similar rearrangement of α,β-unsaturated 
sulfines to thiophenes. These authors started from allenesulfinates 15 and 18. 
These allenesulfinates were reacted with 3-methyl-2-butenylmagnesium bromide 
and gave after a Claisen rearrangement α,β-unsaturated sulfines 16b and 19, 
respectively, as is shown in Scheme 4.11. These thioaldehyde S-oxides underwent 
a rearrangement in which a thiophene derivative was formed similar to the reaction 
depicted in Scheme 4.9. However, for the corresponding thioketone S-oxides no 
thiophene formation was observed. A mechanism analogous to that shown in 
Scheme 4.10 was proposed for the rearrangement (see Scheme 4.11). 
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Me, 
Me  S-ОМе 
'г 
THF., 
- 7 Í C 
MgCI 
15 
\ 
NHA H20 
-7ePctort 
17 ( 46%) 
OMe 
H * - > V ^ 
16c 
> ' S-ОМе I 
'/ MgBr 
18 
Scheme 4.11 
THF 
-7ePC 
о 
II 
19 
cA 
2 0 (45% 
Apparently, the intramolecular cyclization to thiophenes, shown in Scheme 4.9 is 
very efficient, because trapping of the intermediate sulfonyl substituted sulfine with 
excess of 2,3-dimethyl-1,3-butadiene could not be accomplished 
Thiophene formation was also studied for (oc-silyl-allenyl) sulfones 5 according the 
general Scheme 4.12. The results are collected in Table 4.4. The data reveal that 
this thiophene formation is sensitive to the steric bulk of the organometalhc reagent 
used in the heteroconjugate addition With tert -butylhthium as the nucleophile, no 
intramolecular cyclization could be accomplished It is conceivable that a stencally 
demanding group has a negative influence on the cyclization (see intermediates in 
Scheme 4.10) When diphenylcopperhthium is used, the yield of thiophene is low 
R 1 — ν í 
Ft2 5 
SiMe3 1 R3Li 
SQ>Tol-p 2 S ° 2 
0 = S . 
soaToi ρ 
R2 R 3 
SCfeTol-p 
1 2 1 3 
Scheme 4.12 
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Table 4.4. Thiophene formation from (α-silyl-allenyl) sulfones 5 
substrate 
5b 
5b 
5b 
5b 
5b 
5e 
5e 
5c 
R1 
H 
H 
H 
H 
H 
H 
H 
Me 
R2 
Me 
Me 
Me 
Me 
Me 
Ph 
Ph 
Et 
R3Li 
Me 
Et 
n-Bu 
f-Bu 
РпгСи 
Me 
Et 
Me 
product 
13bi 
1 3 b 2 
1 3 b 3 
1 3 b 4 
1 3 b 5 
1 3 e 1 
1Э 2 
13c 
vield (%) 
75 
53 
35 
• 
10 
57 
38 
63 
When Су bears an ethyl group a trisubstituted thiophene is obtained. The reaction 
of substrate 5c with methyllithium as reagent in the heteroconjugate addition leads 
to thiophene 13c in an acceptable yield. In case Cyhas an ethyl and a methyl 
substituent, as in substrate 5d, heteroconjugate addition of methyllithium followed by 
reaction with sulfur dioxide, leads to two products, viz. 13di and13d2 (Scheme 
4.13). The ratio of the two thiophenes formed was determined by 1H-NMR, and has 
the statistically determined ratio 13di: 13d2 = 3:2. The two thiophenes could not be 
separated by column chromatography and were isolated in a total yield of 36%. 
SiMe3 
SOfeTol-p 
I.MeU 
2. S0 2 ~\i.„r)& 
5 d 
Scheme 4.13 
SCfeTol-p 
13d ! 
3 
total yield 36% 
SOfeTol-p 
13d 2 
2 
(a-Silyl-allenyl) sulfone 5a having two hydrogen atoms at Cy does not undergo the 
desired heteroconjugate addition upon reaction with methyllithium, only unidentified 
products were obtained. Consequently, the subsequent reaction with sulfur dioxide 
could not be carried out, leaving the question open if in this case an α,β-unsaturated 
sulfine could have been obtained. 
The exocyclic (α-silyl-allenyl) sulfones were similarly treated with methyllithium at 
low temperature and subsequently subjected to a reaction with excess of sulfur 
4 SiMe3 
SO^Tol-p 
1. MeLi 
2. S 0 2 
1 0 b 2 1 b 
Scheme 4.14 
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dioxide in order to accomplish thiophene formation. The silyl allenyl sultane 10b 
derived from cyclohexanone gave the expected thiophene derivative 21b in 27% 
yield (Scheme 4.14). 
As mentioned in section 4.2.3. the (cc-silyl-allenyl) sultanes 10a and 10c derived 
from cyclopentanone and D(+)-camphor, respectively, could not be obained in a 
quantitative yield. Therefore, crude (impure) starting material had to be used in these 
cases. The attempted thiophene formation failed with these substrates, probably due 
to the impurity of the starting material, although the annelated thiophenes that would 
have resulted from these reactions are also considerably strained which may 
hamper their formation. 
4.2.6. Some reactions of thiophene 13bi 
Thiophene 13bi was subjected to desulfonylating conditions, i.e. sodium amalgam 
in buffered methanol. The p-tolylsulfonyl group was smoothly removed to give 3,4-
dimethylthiophene in high yield (Scheme 4.15). This reaction provides unequivocal 
evidence tar the structure of this thiophene produced in the intramolecular cyclization 
reaction shown in Scheme 4.9. Reduction of the sultane function was readily 
accomplished with lithium aluminium hydride as well as with dii'sobutylaluminium 
hydride, giving thioether 22 in good yield (Scheme 4.15). 
K. 
~S' SOfeTol-p 
1 3 b 
L1AIH4, toluene 
Δ , 90% 
Dibal-H.tolueng 
Δ , 75% 
MeOH, Na2HP04 
2 2 
Na(Hg), 85% 
Scheme 4.15 
4.2.7.Concluding remarks 
A variety of allenyl sultanes has been synthesized by the sigmatropic rearrangement 
of p-toluenesulfinates derived from alkynols using a literature procedure. These 
allenyl sultanes can readily be a-silylated in practically quantitative yield. However, 
97 
the resulting α-silyl allenyl sulfones undergo desilylation during attempts to purify 
them in the usual manner. 
Heteroconjugate addition of various organometallic reagents to (a-silyl-allenyl) 
sulfones can be accomplished in high yields. An interesting new reaction was 
discovered when the initial adducts obtained during the heteroconjugate addition 
were subjected to treatment with sulfur dioxide. Instead of the expected α,β-
unsaturated sulfine, intramolecular cyclization to thiophenes has taken place. The 
thiophene formation was rationalized by invoking an intramolecular carbanion 
addition to initially formed ot,ß-unsaturated sulfine, followed by a novel Pummerer-
type aromatization reaction. 
4.3. Experimental section 
General remarks 
IR spectra were recorded on a Perkin-Elmer 29Θ infrared spectrophotometer. The 90 
MHz 1 H NMR spectra were recorded on a Varían EM-390 spectrometer (Me4Si as 
internal standard) and for the 100 MHz 1 Η NMR spectra a Bruker AC 100 
spectrometer (CDCI3 as internal standard) was used. For the 1 3 C NMR spectra a 
Bruker AC 100 spectrometer (CDCI3 as internal standard) was used. For mass 
spectra a double focussing VG7070E mass spectrometer was used. Melting points 
were measured with a Reichert Thermopan microscope and are uncorrected. 
Elemental analysis were performed on a Carlo Erba Instruments CHNS-0 EA 1108 
element analyzer. 
Dichloromethane was distilled from P2O5. Tetrahydrofuran was distilled from UAIH4. 
Diethyl ether was distilled from NaH. Petroleum Ether 60-80 was distilled from CaH2-
Hexane was distilled from CaH2. Acetonitrile was distilled from P2O5. Ethyl acetate 
was distilled from K2CO3. All reactions were performed in an argon atmosphere, n-
Butyllithium was used as a standard solution of 1.6 M in hexane. Methyllithium was 
used as a standard solution of 1.6 M in diethyl ether, salt free. Phenyllithium was 
used as a standard solution of 2.0M in benzene/diethyl ether. p-Toluenesulfinyl 
chloride was prepared as described in the literature.15 Thin layer chromatography 
(TLC) was carried out on Merck precoated silica gel 60 F254 plates (0.25 mm) using 
the eluents indicated. Spots were visualized with UV and spraying with 5% H2SO4 
solution in ethanol followed by charring at 140°C for 15 min. Flash chromatography 
was carried out at a pressure of ca. 1.5 bar, a column length of 15-25 cm and a 
column diameter of 1-4 cm, using Merck Kieselgel 60H, unless stated otherwise. 
General procedure for the synthesis of alkynols 7a-c 
n-Butyllithium (1.6 M in hexane, 1.1 equiv., 0.033 mol, 20.7 mL) was added to a 
stirred and cooled (-78°C) solution of trimethylsilylacetylene (2.94 g, 0.03 mol) in 
diethyl ether. After a period of 1 h the mixture was treated with a solution of the 
appropriate cyclic ketone (0.8 equiv.) in diethyl ether (50 mL) and stirring was 
continued for 1 h at -78°C and then 1.0 h at 0°C. The resulting mixture was washed 
(3 x) with a saturated aqueous ammonium chloride solution and the organic layers 
were dried over magnesium sulfate and concentrated in vacuo to give the 
98 
corresponding alkynols. 
The following compounds were prepared: 
1-(2-Trimethylsilylethynyl)-cyclopentane-1-ol (7a) (4.20 g, 97%) from 
cyclopentanone ( 2.0 g, 23 mmol). 
1H NMR (CDCI3):5 0.00 (s, 9H, SiMe3), 1.3-1.9 (m, 11 H, cyclopentane), 2.1-2.3 (brs, 
1H, -OH)ppm. 
1 -(2-Trimethylsilylethynyl)-cyclohexane-1-ol (7b) (4.64 g, 99%) from 
cyclohexanone (2.35 g, 23.9 mmol), m.p.:72-740C. 
1H NMR (CDCI3):6 0.00 (s, 9H, SiMe3), 1.9-2.Θ (m, 10H, cyclohexane), 2.9 (br s, 1H, 
-OH) ppm. 
2-Hydroxy-2-(2-trimethylsitylethynyl)-1,7,7-trimethyl-bicyclo[2,2,1]heptane-2-ol (7c) 
(5.61 g, 99%) from D-(+)-camphor (3.33 g, 23.Θ mmol). 
'H NMR (CDCI3):6 0.00 (s, 9H, SiMe3), 1.60 (s, 3H, CCH3), 1.9 (s, 3H, CCH3). 2.0-
3.4 (m, 8H, camphor) ppm. 
General procedure for the synthesis of sulfinate esters 2a-e and 8a-c 
p-Toluenesulfinyl chloride (2.62 g, 15 mmol) dissolved in dichloromethane (50 mL) 
was added dropwise in 10 min intervals to a solution of 1-ethynyl-1-ol derivative 1a-
or 7a-c (15 mmol) and triethylamine (1.52 g, 15mmol) in dichloromethane (150 
mL), kept at -78°C. After 2 h of stirring at -78°C and 1 h at 0°C, the reaction mixture 
was extracted with a saturated aqueous ammonium chloride solution (3 χ 30 mL). 
The organic layer was dried over magnesium sulfate and concentrated in vacuo. 
Ргор-2-ynyl 4-toluenesulfinate (2a) 
Starting from prop-2-yn-1-ol 1a (0. 4 g, 15 mmol), product 2a was synthesized 
according to the general procedure in a yield of 2.85 g (98%). 
1H NMR (CDCI3): δ 2.1 (s, 3H, Ar-CH3), 2.3 (t, 1H, J=3Hz, C-H), 4.1 (dd, 2H, J-j=18 
Hz, J2=3 Hz, 0-CH2-), 7.0 and 7.3 (AB, J=9 Hz, 4H, Ar) ppm. 
2-Methyl-but-3-yn-2-yl 4-toluenesulfinate (2b) 
Starting from 2-methyl-but-3-yn-2-ol 1b (1.26 g, 15 mmol), product 2b was 
synthesized according to the general procedure in a yield of 3.03 g (91%). m.p.: 66-
67°C(lit.16m.p.:67-69°C). 
1H NMR (CDCI3):5 1.6 (s, 3H, CCH3), 1.8 (s, 3H, CCH3), 2.4 (s, 3H, Ar-CH3), 2.9 (s, 
1H, C-H), 7.3 and 7.6 (AB, 4H, J=7.5 Hz, Ar) ppm. 
1-(2-Trimethylsilylethynyl)- 1-cyclopentyl 4-toluenesulfinate 8a 
Starting from 1-(2-trimethylsilylethynyl)cyclopentane-1-ol 7a (2.73 g, 15 mmol), 
product 8a was synthesized according to the general procedure in a yield of 4.75 g 
(99%). 
'H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.3-2.0 (m, 8H, cyclopentane), 2.2 (s, ЗН, 
ArCH3), 7.0 and 7.4 (AB, 4H, J=9.0 Hz, Ar) ppm. 
1,2-Propadiene-l-yl 4-tolyl sulfone (3a) 
A stirred mixture of prop-2-ynyl 4-toluenesulfinate 2a (2.91 g, 15 mmol) and calcium 
carbonate ( 1.50 g, 15 mmol) in chlorobenzene (200 mL) was heated under reflux for 
12 h. Then the mixture was cooled to room temperature, treated with 10 g of 
activated carbon and stirred at room temperature for 30 min. The insoluble material 
was removed by filtration through a layer of hyflo (1 cm), washed with 
dichloromethane (3 χ 25 mL) and the combined filtrate and washings were 
concentated in vacuo. The resulting crude material was recrystallized from toluene/ 
hexane, to give 2.18 g (75%) of 3a, as pale yellow needles, m.p.: 82-84°C. (lit.17 
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m.p.: 8°С.) 
"Ή NMR (CDCI3): δ 2.4 (s, ЗН, АгСНз), 5.4 (d, 2Н, J=9.0 Hz. =С=СН2). 6.2 (t, J= 9.0 
Hz. 1H, =CHS02Ar), 7.3 and 7. (AB. J=9.0 Hz. 4H, Ar) ppm. 
IR(KBr): ν 1150 (S=0 ), 1320 (S=0 ), 1940 (C=C=C) cm"1. 
MS(EI)m/e: 194 (M+). 
General procedure for the synthesis of substituted allenyl sulfones 3b-e and 9a-c 
A solution of sulfinate ester 2b-e or 9a-c (10 mmol) and 2,6 lutidine (1 equiv., 10 
mmol, 1.07 g) ¡η 200 ml. of acetonitrile was heated under reflux for 6 h Then the 
reaction mixture was cooled to room temperature, activated carbon was added and 
the mixture was stirred for 30 min. and subsequently filtered over a glasfilter with a 
layer of hyflo (1.0 cm). The solids were washed with acetonitrile (3 χ 10 mL), the 
combined organic layers were concentrated in vacuo. 
3-Methyl-buta- 1,2-diene- 1-yl 4-tolyl sulfone (3b) 
Starting from 2-methyl-but-3-yn-2-yl 4-toluenesulfinate 2b (2.66 g, 11.98 mmol), 
product 3b was synthesized according to the general procedure. The reaction 
product was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : ethyl acetate= 3:1, v/v) to give 1.78 g (67%) of 3b. M.p.: 73°C (liti6 m.p.: 77-
78°C). 
1H NMR (CDCI3): δ 1.8 (d, J= 3 Hz, 6H, =С-[СН3]2), 2.4 (s. ЗН, Ar-CH3), 6.0 (septet, 
1H. =С-Н), 7.3 and 7.7 (AB, 4Н, J=7.5 Hz, Ar) ppm. 
IR (KBr): ν 1940 ( C=C=C ), 1320 (S02), 1150 (S02) cm"1. 
MS(EI) m/e : 222 (M+). 
3-Ethyl-penta-1,2-diene-1-yl 4-tolyl sulfone (3c) 
Starting from 3-ethyl-penta- 1-yn-3-ol 1c (1.456 g, 13.0 mmol) and 4-toluenesulfinyl 
chloride (2.27 g, 13.0 mmol) sulfinate ester 2c was synthesized according to the 
general procedure for the synthesis of sulfinate esters to give 3.25 g (100%) of 2c. 
This was immediately treated according to the general procedure for the synthesis of 
allenyl sulfones. The thus obtained reaction product was purified by crystallization 
from toluene/hexane to give 1.89 g (58%) of 3c. M.p.: 50°C (lit.16 m.p.: 49-51°C). 
1H NMR (CDCI3): δ 0.7 (t, 6H, J=7.5 Hz, -CH2Cü3), 1.8 (m, 4H, =C-CH2- ), 2.1 (s, 
ЗН, Ar-СНз), 5.9-6.0 (m, 1Н, =С-Н), 7.05 and 7.55 (AB, 4Н, J=7.5 Hz, Ar) ppm. 
IR (KBr): ν 1940 ( C=C=C ), 1320 (S02), 1150 (S02) cm-1. 
3-Methyl-penta-1,2-diene-l-yl 4-tolyl sulfone (3d) 
Starting from 3-methyl-penta-1-yn-3-ol 1d (1.07 g, 11.02 mmol) and p-
toluenesulfinyl chloride (1.92 g, 11.02 mmol) sulfinate ester 2d was synthesized 
according to the general procedure for the synthesis of sulfinate esters to give 2.60 g 
(100%) of 2d. The crude product was immediately treated according to the general 
procedure for the synthesis of allenyl sulfones. The thus obtained reaction product 
was purified by crystallization from toluene/hexane to give 1.872 g (72%) of 3d. M.p.: 
70°C(lit.iem.p.:70-7lOQ. 
1 H NMR (CDCI3): δ 1.0 (t, ЗН. J=7.5 Hz, -CH2CÜ3). 1.8 (d. ЗН, J=3Hz, =C-CH3), 2.1 (m, 2H, =C-CH2- ), 2.4 (s. 3H, Ar-CH3), 6.1-6.2 (m, 1H, =C-H), 7.3 and 7.8 (AB, 4H, 
J=7.5 Hz, Ar) ppm. 
IR (KBr):v 1940 ( C=C=C ), 1310 (S02), 1140 (S02) cm-1. 
3-Phenyl-buta-1,2-diene-1-yl 4-tolyl sulfone (З ) 
Starting from 3-phenyl-buta-1-yn-3-ol 1e (1.68 g, 11.5 mmol) and 4-toluenesulfinyl 
chloride (2.01 g, 11.5 mmol) sulfinate ester 2e was synthesized according to the 
general procedure for the synthesis of sulfinate esters to give the allenyl sulfone 3e 
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as a yellow solid. The crude product was purified by crystallization from 
toluene/hexane, to give 2.54 g (78%) of 3e, m.p.: 99°C (lit.17 m.p.: 99-100°C). 
1 H NMR (CDCI3): 5 2.2 (d, 3H, J=3Hz, =C-CH3), 2.5 (s, 3H, Ar-CH3), 6.5-6.6 (m, 1H, 
=C-H), 7.2 (s, 5H, Ar), 7.4 and 7.9 (AB, 4H, J=7.5 Hz, Ar) ppm. 
IR (KBr): ν 1940 ( C=C=C ), 1320 (S02 ), 1150 (S02) cm"1. 
2-Cyclopentylidene-ethene-1-yl4-tolyl sulfone (9a) 
Starting from 1-(2-trimethylsilylethynyl)-1-cyclopentanyl 4-toluenesulfinate 8a (2.48 
g, 7.75 mmol), product 9a was synthesized according to the general procedure. The 
reaction product was purified by column chromatography (silica gel 60H, petroleum 
ether 60-80°C : ethyl acetate = 6:1, v/v) to give 1.44 g (58%) of 9a, m.p.: 99-102°C. 
1 H NMR (CDCI3): δ 1.6-1.8 (m, 4H, -СН2-СН_2-СН2-СН2- ), 2.3 -2.6 (m, 7Н, ArCH3¡ 
-CH.2-CH2-CH2-CH.2- ), 6.1 (d, 1Н, J=8 Hz, =C-H ), 7.2 and 7.6 (AB, 4H, J=8 Hz, Ar) 
ppm. 
IR (KBr):v 1950 ( C=C=C ), 1320 (S02), 1150 (S02) сгтг1. 
MS(EI) m/e: 248 (M+). 
2-Cyclohexylidene-ethene-1-yl 4-tolyl sulfone (9b) 
Starting from 1-(2-trimethylsilylethynyl)cyclohexane-1-ol 7b (1.56 g, 7.94 mmol) and 
p-toluenesulfinyl chloride (1.39 g, 7.94 mmol) product 8b was synthesized according 
to the general procedure for the synthesis of sulfonate esters in a yield of 2.65 g, 
(100%). The crude product was immediately treated according to the general 
procedure for the synthesis of allenyl sulfones. The thus obtained reaction product 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : 
ethyl acetate= 12:1, v/v) to give 1.72 g (65%) of 9b, m.p.: 70°C (lit.16 m.p.:77-78°C). 
1H NMR (CDCI3): δ 1.3-1.8 (m, 6H, -CH2-CH_2-Ch!2-CH_2-CH2- ), 1.9 -2.3 (m, 4H, 
-CH2-CH2-CH2-CH2-CH2-), 2.4 (s, ЗН, Ar-СНз), 6.0 (m, 1H, =C-H), 7.2 and 7.7 (AB, 
4H, J=7.7 Hz, Ar) ppm. 
2-(1,7,7-Trimethylbicyclo[2,2,1]heptylidene)ethene-1-yl 4-tolyl sulfone (9c) 
Starting from 2-(2-trimethylsilylethynyl)-1,7,7-trimethyl-bicyclo[2,2,1]heptan-2-ol 7c 
(2.05 g, 8.20 mmol) and 4-toluenesulfinyl chloride (1.43 g, 8.20 mmol) product 8c 
was synthesized according to the general procedure for the synthesis of sulfinate 
esters in a yield of 3.20 g (100%). The crude product was immediately treated 
according to the general procedure for the synthesis of allenyl sulfones. The thus 
obtained reaction product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate= 6:1, v/v), to give 1.95 g (61%) of 9c, m.p.: 
620C. 
1 H NMR (CDCI3): δ 0.65 (s, ЗН, ССН3), δ 0.7 (s, ЗН, ССН3), δ 0.75 ( s, ЗН, ССН3), δ 
0.9- 2.2 (m, 7Н, camphor-H's), 5.85-6.0 (m, 1H, =C-H), 7.1 and 7.6 (AB, 4H, J=7.5 Hz, 
Ar) ppm. 
2,6-Dimethyl-5-(4-tolylsulfonylmethyl)-hepta-2,3,5-triene-4-yl 4-tolyl sulfone (6) 
A solution of 3-methyl-buta-1,2-diene-1-yl 4-tolyl sulfone 3b (1.33 g, 6.0 mmol) in 
THF (25 ml_), was added to a solution of n-butyllithium (4.2 mL, 1.1 equiv., 1.6 M in 
hexane) in THF (50 mL) while kept at -78°C. After stirring for 2 h at -78°C, and 30 
min. at 0°C the reaction mixture was cooled to -78°C and chlorotrimethylsilane 
(0.781 g, 7.2 mmol, 1.2 equiv.) was added in one portion. After 3 h at -78°C, the 
reaction mixture was allowed to warm to room temperature. Saturated aqueous 
ammonium chloride solution was added and the aqueous layer was extracted with 
dichloromethane (3 χ 25 mL), the combined organic layers were dried over 
magnesium sulfate and concentrated in vacuo. The product was purified by 
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crystallization from toluene/hexane to give 1.20 g (90%) of 6. m.p.: 138-142°C. (lit.16 
m.p.: 142-1440C) 
1H NMR (CDCI3): δ 1.43 (s, ЗН, =С-СН3), 1.50 (s, ЗН. =С-СН3), 1.67 (s. 6Н, 2 χ =С-
СН3), 2.33 (s, 6Н, 2 х Аг-СНз), 4.17 (s, 2Н, =C-CH2-S02Tol ), 7.2 and 7.4 (AB, 8H, Ü2=9.0 Hz, Ar) ppm. 
IR(KBr):v 1960 ( C=C=C ), 1315 (S02), 1140 (S02) cm-1. 
MS(EI) m/ff. 444 (M+). 
General procedure for the synthesis of silylallenyl sulfones (5a-e) and (10ac) 
A solution of allenyl sulfones За-β or 9a-c (5 mmol) in THF (25 mL) was added to a 
solution of n-butyllithium (1.1 equiv., 1.6 M in hexane) in THF (50 mL) while kept at 
-78°C. After stirring for 3 h at -78°C, chlorotrimethylsilane (1.2 equiv.) was added in 
one portion. After 3 h at -78°C, the reaction mixture was allowed to warm to room 
temperature. Saturated aqueous ammonium chloride solution was added and the 
aqueous layer was extracted with dichloromethane (3 χ 25 mL), the combined 
organic layers were dried over magnesium sulfate and concentrated in vacuo. 
2-Cyclopentylidene-1-trimethylsilyl-ethene-1-yl 4-tolyl sulfone (10a) 
Starting from 2-cyclopentylidene-ethene-1-yl 4-tolyl sulfone 9a (1.44 g, 4.5 mmol), n-
butyllithium (3.1 mL, 1.6 M, 4.95 mmol) and chlorotrimethylsilane ( 0.586 g, 5.4 
mmol) product 10a was synthesized according to the general procedure, to give a 
mixture of starting material and product, which could not be separated. This mixture 
was used as such in further experiments. 
2-Cyclohexylidene-1-trimethylsilyl-ethene-1-yl 4-tolyl sulfone (10b) 
Starting from 2-cyclohexylidene-ethene-1-yl 4-tolyl sulfone 9b (1.72 g, 5.16 mmol), 
n-butyllithium (3.55 mL, 1.6 M, 5.68 mmol) and chlorotrimethylsilane (0.672 g, 6.19 
mmol) product 10b was synthesized according to the general procedure, to give 2.1 
g (100%) of 10b as an oil. 
IH NMR (CDCI3): δ 0.0 (s, 9H. ЭіМез), 0.9-1.3 (m, 6Н, -СН2-СН2-СіІ2-СН2-СН2- ), 
1.5-1.9 (m, 4Н, -Си2-СН2-СН2-СН2-СН^- ), 2.2 (s, ЗН, Ar-CH3), 7.1 and 7.5 (AB, 
4H, J=8.0 Hz, Ar) ppm. 
4-Tolyl 2-(1,7,7-trimethylbicyclo[2,2,1]heptylidene- 1-trimethylsilyl-ethene-1-yl 
sulfone (10c) 
Starting from 2-1,7,7-trimethylbicyclo[2,2,1]heptylidene-ethene-1-yl 4-tolyl sulfone 9c 
(1.95 g, 5.03 mmol), n-butyllithium (3.5 mL,1.6 M, 5.53 mmol) and 
chlorotrimethylsilane ( 0.655 g, 6.04 mmol) product 10c was synthesized according 
to the general procedure, to give a mixture of starting material and product which 
could not be separated. This mixture was used as such in further experiments. 
4-Tolyl 1-trimethylsilyl-propa-1,2-diene-1-yl sulfone (5a) 
Starting from propa-1,2-diene-1-yl 4-tolyl sulfone 3a (1.45 g, 7.5 mmol), n-
butyllithium (5.2 mL, 1.6 M, 8.25 mmol) and chlorotrimethylsilane (0.977 g, 9.0 mmol) 
product 5a was synthesized according to the general procedure. The crude product 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : 
ethyl acetate = 9:1, v/v), to give 5a as a light yellow solid, in a yield of 0.66 g (33%), 
m.p.: 66 -68°C. 
1 H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 2.3 (s, ЗН, Ar-CH3), 3.8 (s, 2H, =CH2), 7.2 
and 7.7 (dd, 4H, J2=7.5 Hz, Ar) ppm. 
IR(CCI4):v 1940 ( C=C=C), 1320 (SO2), 1150 (S02) сгтИ. 
MS(EI) m/e: 266 (M+). 
3-Methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone (5b) 
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Starting from 3-methyl-buta-1,2-diene-1-yl 4-tolyl sulfone 3b (1.33 g, 6.0 mmol), n-
butyllithium (4.2 mL, 1.6 M, 6.6 mmol) and chlorotrimethylsilane (0.781 g, 7.2 mmol) 
product 5b was synthesized according to the general procedure, to give 1.76 g 
(100%) of 5b as a yellow oil. 
Щ NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 1.3 (s, 6H. =C-[CH3]2). 2.2 (s, 3H, Ar-CH3). 
7.0 and 7.5 (AB, 4H, J=8.0 Hz, Ar) ppm. 
IFKCCI4 ): ν 1940 (C=C=C), 1320 (S02). 1150 (S02) cm"1. 
MS(EI) m/e : 294 (M+). 
3-Ethyl-1-trimethylsilyl-penta-1,2-dien-1-yl 4-tolyl sulfone (5c) 
Starting from 1-(3-ethyl-1,2-pentadienyl)-4-tolyl sulfone 3c (2.0 g, 8.0 mmol), n-
butyllithium (5.5 mL, 1.6 M, 8.8 mmol) and chlorotrimethylsilane (1.04 g, 9.6 mmol) 
product 5c was synthesized according to the general procedure, to give 2.58 g 
(100%) of 5c, m.p.:40°C. 
Ж NMR (CDCI3): δ 0.0 ( s, 9H, SiMe3), 0.5 (t, 6H, J=7.5 Hz, -СН2СНз), 1.7 (q, 4H, 
J=7.5 Hz, =C-(CÜ2-CH3 )2), 2.2 (s, 3H, Ar-CH3), 7.1 and 7.5 (AB, 4H, J=7.5 Hz, 
Ar)ppm. 
IR (CCI4):v 1940 (C=C=C), 1320 (S02), 1150 (S02) сгтН. 
MS(EI) m/e : 322 (M+). 
3-Methyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone (5d) 
Starting from 3-methyl-penta-1,2-diene-1-yl 4-tolyl sulfone 3d (1.77 g, 7.6 mmol), n-
butyllithium (5.23 mL, 1.6 M, 8.4 mmol) and chlorotrimethylsilane (0.99 g, 9.12 mmol) 
product 5d was synthesized according to the general procedure to give 2.33 g 
100%) of 5d as a yellow oil. 
H NMR (CDCI3): δ 0.0 ( s, 9H, SiMe3), 0.6 (t, 2H, J=7.5 Hz, -СН2СЫэ), 1.4 (s, 3H, 
=C-CH3), 1.7 (q, J=7.5 Hz, 2H, =C-CÜ2-CH3 ), 2.2 (s, 3H, Ar-CH3), 7.1 and 7.5 (AB, 
4H, J=7.5 Hz, Ar) ppm. 
IR (CCI4): ν 1940 (C=C=C), 1310 (S02), 1140 (S02)cm"1. 
MS(EI) m/e : 308 (M+). 
3-phenyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone (5e) 
Starting from 3-phenyl-buta-1,2-diene-1-yl 4-tolyl sulfone 3e (1.70 g, 6.0 mmol), n-
butyllithium (4.2 mL, 1.6 M, 6.6 mmol) and chlorotrimethylsilane (0.781 g, 7.2 mmol) 
product 5e was synthesized according to the general procedure to give 2.13 g 
100%) of 5e as a yellow solid, m.p.: 93°C. 
H NMR (CDCI3): δ 0.2 ( s. 9H, SiMe3), 1.8 (s, 3H, =C-CH3), 2.2 (s, ЗН. Ar-CH3), 7.0-
7.3 (m, 7H, Ar), 7.6 (d, 2H, J=7.5 Hz, Ar) ppm. 
IR(KBr): ν 1950 (C=C=C), 1320 (S02), 1150 (S02) спН. 
MS(EI) m/e : 356 (M+). 
2,3-Dimethyl-1-trimethylsilyl-but-2-ene-1-yl 4-tolyl sulfone (11bi) 
A Solution of 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) in dry THF (50 mL) was gradually added to a solution of methyllithium (3.0 
mmol, 1.8 mL) in dry THF (75 mL), while kept at -78°C. After stirring for 3 h at -78°C 
the reaction mixture was quenched with a saturated aqueous ammonium chloride 
solution (20 mL). The aqueous layer was extracted with dichloromethane (3 χ 20 
mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to give product 
11bi as a light yellow oil: 0.306 g (100%). 
1 H NMR (CDCI3): δ 0.0 ( s, 9H, SiMe3), 0.7 (s, ЗН, =С-СН3), 1.2 (s, ЗН, =С-СН3), 1.5 
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(s, 3H, =C-CH3), 2.0 (s, ЗН, Ar-СНз). 3.5 (s, 1Н, -S02-CH-SiMe3), 6.Θ and 7.3 (AB, 
4H, J=9.0 Hz, Ar) ppm. 
MS(EI)m/e:310(M+). 
2-n-Butyl-3-methyl-1-trimethylsilyl-but-2-en-1-yl 4-tolyl suif one (11b2) 
A solution of 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g. 
1.0 mmol) ¡η dry THF (50 mL) was gradually added to a solution of л-butyllithium 
(3.0 mmol, 1.8 mL) in dry THF (75 mL), white kept at -78°C under argon. After stirring 
for 3 h at -78°C the reaction mixture was quenched with a saturated aqueous 
ammonium chloride solution (20 mL). The aqueous layer was extracted with 
dichloromethane (3 χ 20 mL). The combined organic layers was dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
3:1, v/v) to give 11b2 as a light yellow oil in a yield of 0.330 g (95%). 
"Ή NMR (CDCI3): δ 0.0 ( s, 9H, SiMe3), 0.4-1.2 (m, 15H, -Bu; =C-[CH3]2), 2.0 (s, ЗН. 
Ar-СНз), 3.5 (s, 1H, -S02-CH-SiMe3), 6.8 and 7.3 (AB, 4H, J=9.0 Hz, Ar) ppm. 
MS(EI) m/e : 352 (M+). 
3-Methyl-2-phenyl-1-trimethylsilyl-but-2-en-1-yl 4-tolyl sulfone (11Ьз) 
A solution of 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) in dry THF (50 mL) was added dropwise to a solution of 
diphenylcopperlithium [synthesized from phenyllithium (6.0 mmol, 3.0 mL) and 
copper(l)iodide (0.571 g, 3.0 mmol)] in dry THF (75 mL), while kept at -78°C. After 
stirring for 3 h at -78°C the reaction mixture was added quenched with a saturated 
aqueous ammonium chloride solution (20 mL). The aqueous layer was extracted 
with dichloromethane (3 χ 20 mL). The combined organic layers was dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H. petroleum ether 60-80°C : ethyl acetate = 
12:1, v/v) to give 11Ьз as a light brown oil as two inseparable stereoisomers (1:1) in 
a yield of 0.275 g (75%). 
Isomer A: 
1H NMR (CDCI3): δ 0.0 ( S. 9H, SiMe3), 1.2 (s, ЗН. =С-СН3), 2.1 (s, ЗН, =С-СН3), 2.3 (s, ЗН, Аг-СН3), 3.7 (s, 1Н, -S02-CH-SiMe3), 6.1-7.9 (m, 9Н, Ar) ppm. 
Isomer В: 
1Н NMR (CDCI3): δ 0.4 ( s, 9H, SiMe3), 1.3 (s, ЗН, С=С-СН3), 1.4 (s, ЗН, =С-СН3), 
2.3 (s, ЗН, Аг-СН3), 4.2 (s, 1Н, -S02-CH-SiMe3), 6.1-7.9 (m, 9Н, Ar) ppm. 
MS(EI) m/e : 372 (M+). 
2,3-Dimethyl-1-trimethylsilyl-pent-2-ene-1-yl 4-tolyl sulfone (11d) 
Procedure A: 
A solution of 3-methyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone 5d (0.25 g, 
0.82 mmol) in dry THF (50 mL) was added dropwise to a solution of methyllithium 
(2.5 mmol. 1.54 mL) in dry THF (75 mL), while kept at -78°C. After stirring for 3 h at 
-78°C the reaction mixture was quenched with a saturated aqueous ammonium 
chloride solution (20 mL). The aqueous layer was extracted with dichloromethane (3 
χ 20 mL). The combined organic layers was dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to give 11d as a 
light yellow oil in a yield of 0.242 g (92%) as two isomeres (A:B) in a ratio of 63:37, 
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which could not be separated. 
Isomer A: 
1H NMR (CDCI3): δ 0.33 ( s, 9H, S¡Me3), 0.51 (t, 3H, J=7.5 Hz, -СН2-СМз), 1.22 (sextet, 1Н, J=7.3 Hz, =C-CÜ2-CH3), 1.40 (sextet, 1H, J=7.3 Hz, =С-СЙ2-СН3), 1.49 (d, ЗН, J= 0.9 Hz, C=C(Et)-CÜ3), 1.Θ8 (s, 3H, Et-(Me)C=C-CÜ3), 2.40 (s, 3H, Ar-
СЫз), 3.89 (s, 1Н, SiCHS02), 7.2 and 7.6 (AB, 4H, J=8.1 Hz, Ar) ppm. 
13c NMR (CDCI3): δ -0.02 (Si(CH3)3), 12.1 (-CH2-Ç_H3), 17.6 ( CH3), 18.2 (-CH3), 
21.5 (Ar-CH3), 26.4 (-C_H2-CH3), 62.4 (SiC_HS02), 119.3 ( Et-C=C_-Me), 127.7 
(Ortho-C Toi), 128.9 (meta-C Toi), 137.6(para-C Toi), 138.1 (ipso-C To'l), 143.2 ( Et-
¿=C-Me) ppm. 
Isomer B; 
1H NMR (CDCI3): δ 0.32 ( s, 9H, SiMe3), 0.71 (t, ЗН, J=7.5 Hz, -CH^CHj), 1.02 (d, 
3H, J= 1.4 Hz, C=C(Et)-CÜ3), 1.85 (dt, 1H, J=7.3 Hz, -CH2-CH3), 1.88 (s, 3H, Et-
(Ме)С=С-СНз), 1.93 (dt, 1H, J=7.3 Hz, C-CÜ2-CH3), 2.40 (s, ЗН, Ar-СМз), 3.87 (s, 
1H, SiCHS02), 7.2 and 7.6 (AB, 4H. J=8.1 Hz, Ar) ppm. 
4 3c NMR (CDCI3): δ -0.02 (Si(CH3)3), 11.5 (-CH2-Ç_H3), 16.4 ( CH3), 17.6 (-CH3), 
21.5 ( Ar-CH3), 27.8(-C_H2-CH3), 63.0( SiC_HS02), 119.3 ( Et-C=C_-Me), 127.7 
(Ortho-C Toi), 128.9( meta-C Toi), 137.6 (para-C Toi), 138.1(ipso-C Toi), 143.2 ( Et-
¿=C-Me) ppm. 
both isomers: IR (KBr): ν 1315 (S02), 1145 (S02)cm-1. 
MS(EI) m/e : 324 (M+), 73 (100%; SiMe3+). 
Procedure В: 
A solution of 3-methyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone 5d (0.25 g, 
0.82 mmol) in dry THF (50 mL) was added dropwise to a solution of 
dimethylcopperlithium [prepared from copper(l)iodide (0.463 g, 1.23 mmol) and 
methyllithium (3.0 mL, 2.5 mmol) at 0°C] in dry THF (75 mL), while kept at -78°C. 
After stirring for 3 h at -78°C the reaction mixture was quenched with a saturated 
aqueous ammonium chloride solution (20 mL). The aqueous layer was extracted 
with dichloromethane (3 χ 20 mL). The combined organic layers was dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v) to give 11d as a light yellow oil in a yield of 0.26 g (99%) as two isomers 
(A:B) in a ratio of 63:37. 
Spectral data, see above. 
Procedure C: 
A solution of 3-methyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone 5d (0.25 g, 
0.82 mmol) in dry THF (50 mL) was added dropwise to a solution of 
methylmagnesium iodide [prepared from methyl iodide (0.t5 mL, 2.43 mmol) and 
magnesium (0.12 g, 4.86 mmol)] in dry THF (75 mL), while kept at -78°C. After 
stirring for 3 h at -78°C the reaction mixture was quenched with a saturated aqueous 
ammonium chloride solution (20 mL). The aqueous layer was extracted with 
dichloromethane (3 χ 20 mL). The combined organic layers was dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v) to give 11d as a light yellow oil in a yield of 0.258 g (97%) as two isomers 
(A:B) in a ratio of 63:37. 
Spectral data, see above. 
2-Methyl-3-phenyl-1-trimethylsilyl-but-2-ene-1-yl 4-tolyl sulfone (11e) 
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A solution of 3-phenyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5 (0.23 g, 
0.65 mmol) ¡π dry THF (50 mL) was added dropwise to a solution of methyllithium 
(1.94 mmol, 1.21 mL) in dry THF (75 mL), while kept at -78°C. After stirring for 3 h at 
-78°C the reaction mixture was quenched with a saturated aqueous ammonium 
chloride solution (20 mL). The aqueous layer was extracted with dichloromethane (3 
χ 20 mL). The combined organic layers was dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography 
(silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to give product 
11e as a light yellow oil in a yield of 0.18 g (75%). 
1H NMR (CDCI3): δ 0.3 ( s, 9H, SiMe3), 1.71 (s, 3H, =C-(Ph)-CH3), 2.03 (s, 3H, Ph-
С=С-СЫз), 2.4 (s, 3H, Ar-CH3). 3.7 (s. 1H, -S02-CH-Si), 6.1-6.2 (m, 2H, Ar), 6.9-7.1 (m, 3H, Ar), 7.2 and 7.4 (AB. J=8.4 Hz, 4H, Ar) ppm. 
General procedure for the synthesis of 2-(4-tolylsulfonyl)thiophenes 13b-e and 21b 
A solution of silylated allenyl sulfones 5a-e or 10a-c (1.0 mmol) in dry THF (50 mL) 
was added dropwise to a solution of organolithium reagent (3 equiv.) in dry THF (75 
mL), while kept at -78°C. After stirring for 3 h at -78°C the reaction mixture was 
added (by using a metal siphon) to a solution of an excess of sulfur dioxide in THF 
(100 mL) kept at -78°C. After 12 h at -78°C, the volatiles were evaporated in vacuo 
and the crude product was dissolved in diethyl ether and washed with a saturated 
aqueous ammonium chloride solution (3 χ 20 mL). The organic layer was dried over 
magnesium sulfate and concentrated in vacuo. 
3,4-Dimethyl-2-(4-tolyl$ulfonyl)thiophene (13bi ) 
Starting from 3-methyl-1 -trimethylsilyl buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) and methyllithium (3.0 mmol, 1.9 mL) product 13bi was synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 3:1, v/v) to 
give 0.197 g (75%) of 13bi as a white solid, which was crystallized from 
toluene/hexane, m.p.: 125 °C. 
1H NMR (CDCI3): δ 2.1 (s, 3H, Ar-CH3), 2.3 (s, 3H, Ar-CH3), 2.4 (s, 3H, Ar-CH3), 7.2 (s, 1H, thiophene-H ), 7.3 and 7.8 (AB, 4H, J=7.5 Hz, Ar) ppm. 
IR(KBr): ν 1315 (S02), 1150 (S02) cm-1. 
MS(EI) m/e : 266 (M+). 
Anal. cale, for C 1 3 H 1 4 S202: C, 58.62; H, 5.30; S, 24.07. Found: С, 58.47; H, 5.39; S, 
23.07%. 
3-Ethyl-4-methyl-2-(4-tolylsulfonyl)thiophene (1 ЗЬг) 
Starting from 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.32 g, 
1.1 mmol) and ethyllithium [4.4 mmol, prepared from ethyl bromide (0.78 mL, 4.9 
mmol) and Li (0.08 g, 11,5 mmol) as described ¡n the literature16] product 13b2 was 
synthesized according to the general procedure. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
2:1, v/v) to give 0.162 g (53%) of 13b2 as a white solid, which was crystallized from 
toluene/hexane, m.p.: 96 °C. 
1H NMR (CDCI3): δ 1.0 (t, 3H, Аг-СН2-СМз), 2.2 (s, 3H, Ar-CH3), 2.4 (s, 3H, Ar-CH3). 
2.8 (q, 2H, АГ-СН2-СН3), 7.2 (s, 1H, thiophene-H ), 7.3 and 7.9 (AB, 4H, J=8.0 Hz, 
Ar) ppm. 
MS(EI) m/e : 280 (M+). 
EI/HRMS m/e : 280.0594 ±0.0005 (cale. f o r C 1 4 H 1 6 S 2 0 2 (M+): 280.0592). 
3-n-Butyl-4-methyl-2-(4-tolylsulfonylsulfonyl)thiophene (13Ьз) 
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Starling from 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) and n-butyllithium (3.0 mmol, 1.9 mL) product 13Ьз was synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to 
give 0.106 g (35%) of 13Ьз as a white solid, which was crystallized from 
toluene/hexane, m.p.: 98 °C. 
1H NMR (CDCI3): δ 0.9 (t, 3H, Аг-СН2-(СН2)2-СНз), 1.0-1.5 (m, 4H, Ar-CH2-(СНг)2-СН3). 2.1 (s. ЗН, Ar-СНз), 2.4 (s, ЗН, Ar-CH3), 2.7 (q, 2H, Ar.-CÜ2-(CH2)2-
CH3), 7.2 (s, 1H, thiophene-H ), 7.3 and 7.Θ (AB, 4H, J=7.5 Hz, Ar) ppm. 
IR(KBr):v 1315 (S02), 1150 (S02) cm-1. 
MS(EI) m/e : 308 (M+). 
Anal. cale, for C i 6 H 2 o S 2 0 2 : С, 62.30; H, 6.53; S, 20.79. Found: С, 62.13; H, 6.21; S, 
20.24 %. 
Attempted synthesis of 3-t-butyl-4-methyl-2-(4-tolyl sulfonyl)thiophene (13Ьд) 
Starting from 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) and f-butyllithium (3.0 mmol, 1.8 mL) the general procedure was followed. 
The crude product was purified by column chromatography (silica gel 60H, 
petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to give 0.278 g (80%), 2-f-butyl-3-
methyl-1-trimethylsilyl-but-2-ene-1-yl 4-tolyl sulfone as the only product. 
1H NMR (CDCI3): δ 0.0 (s, 9H, SiMe3), 0.6 (s, 9H, f-Bu), 1.55 (s, ЗН, =C-CH3), 1.60 (s, ЗН, C=C-CH3), 2.1 (s, ЗН, Ar-СНз), 3.8 (s, 1Н, -S02-CH-Si), 6.9 and 7.3 (AB, 4H, 
J=7.5 Hz, Ar) ppm. 
MS(EI) m/e : 352 (M+). 
4-Methyl-3-phenyl-2-(4-tolytsulfonyl)thiophene (13bs) 
Starting from 3-methyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5b (0.29 g, 
1.0 mmol) and diphenylcopperlithium [synthesized from phenyllithium (6.0 mmol, 
3.0 mL) and copper(l)iodide (0.571 g, 3.0 mmol)] product 13bswas synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 12:1, v/v) 
to give 0.032 g (10%) of 13bs as a white solid, which was crystallized from 
toluene/hexane, m.p.: 138 °C. 
1 H NMR (CDCI3): δ 1.9 (s, ЗН, Ar-СНз), 2 3 (s, ЗН, Ar-CH3), 6.9-7.5 (m, ЮН, Ar) 
ppm. 
MS(EI) m/e : 328 (M+). 
EI/HRMS m/e : 328.0593 ±0.0006 (cale, for C i 8 H i 6 S 2 0 2 (M+): 328.0592). 
3-Methyl-4-phenyl-2-(4-tolylsulfonyl)thiophene (13ei ) 
Starting from 3-phenyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5 (0.35 g, 
1.0 mmol) and methyllithium (3.0 mmol, 1.9 mL) product 13ei was synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to 
give 0.184 g (57%) of 13ei, as a light yellow solid, which was crystallized from 
toluene/hexane, m.p.: 141-143 °C. 
1H NMR (CDCI3): δ 2.4 (s, ЗН, Ar-СНз), 2.5 (s, ЗН, Ar-CH3), 7.2-7.5 (m, 8H, Ar), 7.9 (d, 2H, J=7.5 Hz, Ar) ppm. 
MS(EI) m/e : 328 (M+). 
EI/HRMS m/e : 328.0593 ±0.0009 (cale, for C ^ H ^ S ^ (M+): 328.0592). 
3-Ethyl-4-phenyl-2-p-tolylsulfonylthiophene (13e2) 
Starting from 3-phenyl-1-trimethylsilyl-buta-1,2-diene-1-yl 4-tolyl sulfone 5e (0.35 g, 
1.0 mmol) and ethyllithium [4.4 mmol, prepared from ethyl bromide (0.78 mL, 4.9 
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mmol) and ü(0.08 g, 11,5 mmol) as described in the literature19] product 13 г was 
synthesized according to the general procedure. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
6:1, v/v) to give 0.128 g (38%) of 13ег, as a light yellow solid, which was crystallized 
from toluene/hexane, m.p.: 136-137 °C. 
1H NMR (CDCI3): δ 0.8 (t, 2H, J=7.5 Hz, -CH2-CÜ3), 2.4 (s, 3H, Ar-CH3), 2.9 (q, 2H, 
J=7.5 Hz, Ar-CÜ2-CH3), 7.2-7.5 (m, 8H, Ar), 7.9 (d, 2H, J=7.5 Hz, Ar) ppm. 
MS(EI) m/e : 342 (M+). 
Anal. cale, for Ci9HigS2C>2: С, 66.63; H, 5.30; S, 18.72. Found: С, 66.69; H, 5.17; S, 
18.95%. 
3,5-Dimethyl-4-ethyl-2-(4-tolylsulfonyl)thiophene (13c) 
Starting from 3-ethyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone 5c (0.32 g, 
1.0 mmol) and methyllithium (3.0 mmol, 1.9 mL) product 13c was synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to 
give 0.184 g (63%) of 13c, as a white solid, which was crystallized from 
toluene/hexane, m.p.: 141-143 °C. 
1H NMR (CDCI3): δ 1.0 (t, 3H, J=9.0 Hz, -СН2-СЫз), 2.29 (s, 3H, Ar-CH3), 2.37 (s, 
3H, Аг-СНз), 2.4 (s, 3H, Ar-CH3), 2.42 (q, 2H, J=9.0 Hz, Ar-CÜ2-CH3), 7.3 and 7.9 (AB, 4H, J=9.0 Hz, Ar) ppm. 
MS(EI) m/e : 294 (M+). 
EI/HRMS m/e : 294.0741 ±0.0009 (cale. forCi4HieS202 (M+): 294.0749). 
4-Ethyl-3-methyl-2-(4-tolylsulfonyl)thiophene 13d 1 and 3,4,5-trimethyl-2-(4-
tolylsulfonyl)thiophene 13d2 
Starting from 3-methyl-1-trimethylsilyl-penta-1,2-diene-1-yl 4-tolyl sulfone 5d (0.31 
g, 1.0 mmol) and methyllithium (3.0 mmol, 1.9 mL) product 13diand 13d2 were 
synthesized according to the general procedure. The crude product was purified by 
column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 
9:1, v/v) to give 0.101 g (36%), of the oily product consisting of the thiophenes 
13d-|:13d2 in the ratio 65:35. 
Spectral data of 13d-|: 
1H NMR (CDCI3): δ 1.2 (t, 3H, J= 6.7 Hz, thiophene-CH2-CJl3)l 2.29 (s, 3H, 
thiophene-СНз), 2.4 (s, 3H, T0I-CH3), 2.46 (q, 3H, J= 6.7 Hz, thiophene-CH.2-CH3), 
7.2 (s, 1H, thiophene-H), 7.3 and 7.9 (AB, 4H, J=8.3 Hz, Ar) ppm. 
Spectral data of 13d2: 
1H NMR (CDCI3): δ 1.95 (s, 3H, thiophene-CH3), 2.26 (s, 3H, thiophene-CH3), 2.34 (s, 3H, thiophene-СНз), 2.40 (s, 3H, T0I-CH3), 7.3 and 7.9 (AB, 4H, J=8.3 Hz, Ar) 
ppm. 
3-Methyl-2-(4-tolylsulfonyl)tetrahydrobenzo[d]thiophene (21 b) 
Starting from 2-cyclohexylidene-1-thmethylsilyl-ethene-1-yl 4-tolyl sulfonelOb (0.34 
g, 0.84 mmol) and methyllithium (3.0 mmol, 1.9 mL) product 21b was synthesized 
according to the general procedure. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 6:1, v/v) to 
give 0.069 g (27%) of 21b, as a white solid, which was crystallized from 
toluene/hexane, m.p.: 158-161 °C. 
1H NMR (CDCI3): δ 1.6-1.9 (m, 4H, Ar-CH2-ChL2-CH2-CH2-Ar), 2.2 (s, ЗН, 
thiophene-СНз), 2.4 (m, 5H, Ar-CH3, Ar-CH2-), 2.6-2.8 (m, 2H, Ar-CH2-), 7.3 and 7.8 (AB, 4H, J=7.0 Hz, Ar) ppm. 
MS(EI) m/e : 306 (M+). 
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EI/HRMS т/в : 306.0749 ±0 0006 (cale, for C16H18S2O2 (M+): 306.0748). 
3,4-Dimethyl-2-(4-tolylthio)thiophene (22) 
Procedure A: 
A solution of 3,4-dimethyl-2-(4-tolylsulfonyl)thiophene 13b (0.25 g, 0.94 mmol) and 
lithium aluminium hydride (0.342 g, 9.4 mmol) in toluene (75 mL) was heated at 
reflux under argon for two days. After cooling to room temperature a saturated 
aqueous ammonium chloride solution (50 mL) was added and the aqueous layer 
was extracted with dichloromethane (3 χ 25 mL), the combined organic layers were 
dried over magnesium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl 
acetate = 6:1, v/v) to give 0.198 g (90%) of 22. as a yellow oil. 
1H NMR (CDCI3): δ 2.16 (s, 3H, Ar-CH3), 2.18 (s, 3H, Ar-CH3), 2.27 (s, 3H, Ar-CH3), 
7.25 (s, 1H, thiophene-H ), 7.1 and 7.35 (AB, 4H, J=10.0 Hz, Ar) ppm. 
MS(EI) m/e : 234 (M+). 
Procedure В; 
A solution of 3,4-dimethyl-2-(4-tolylsulfonyl)thiophene 13b(0.25 g, 0.94 mmol) and 
DibalH ( 9.4 mL, 1M in toluene, 9.4 mmol) in toluene (75 mL) was heated at reflux 
under argon for two days After cooling to room temperature a saturated aqueous 
ammonium chloride solution (50 mL) was added and the aqueous layer was 
extracted with dichloromethane (3 χ 25 mL), the combined organic layers were dried 
over magnesium sulfate and concentrated in vacuo. The crude product was purified 
by column chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate 
= 6:1, v/v) to give 0.165 g (75%) of 22, as a yellow oil. 
Spectral data, see above. 
3,4-Dimethylthiophene (23) 
A solution of 3,4-dimethyl-2-(4-tolylsulfonyl)thiophene 13b (0.25 g, 0.94 mmol) in 
THF (10 mL) was added to mixture of sodium amalgam20·21 (6 0 g, 2%) and dry 
disodiumhydrogen phosphate (0.62 g, 4.4 mmol) in dry methanol (50 mL). The 
reaction mixture was stirred overnight. The contents of the flask were decanted into a 
separatory funnel. The flask was rinsed with pentane (2 X 40 mL), and the combined 
organic layers were washed with water (4 χ 25 mL) and a saturated aqueous sodium 
chloride solution (40 mL). The combined organic layers were dried over magnesium 
sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography (silica gel 60H, petroleum ether 60-80°C : ethyl acetate = 19:1, v/v) 
to give 0 09 g (85%) of 23, as a yellow oil. 
1 H NMR (CDCI3): 5 2.1 (s, 6H, Ar-СНз), 6.8 (s, 2H, thiophene-H) ppm. 
MS(EI)m/e:112(M+). 
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CHAPTER 5 
SYNTHESIS OF THIOPHENE-2-PHOSPHONATES VIA 
α,β-UNSATURATED SULFINES AS INTERMEDIATES 
5.1. Introduction 
In the preceding chapter the synthesis of sulfonyl thiophenes was described1. It 
was demonstrated that (ct-silyl-allenyl) sulfones can conveniently be converted into 
sulfonylthiophenes by heteroconjugate addition of various organometal compounds 
and subsequent quenching of the resulting carbanion with sulfur dioxide. These 
results, and the fact that it is known that allenephosphonates2 and 
vinylphosphonates are good Michael acceptors3, prompted us to explore the 
feasibility of a thiophene-2-phosphonate synthesis. The sequence of events which is 
analogous to that studied in chapter 4, is depicted in Scheme 5.1. It is worth noting 
that the expected thiophene-2-phosphonates 7 are scarcely mentioned in the 
literature, which makes this designed route an interesting one. 
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Scheme 5.1 
5.2. Results and discussion 
5.2.1. Synthesis of allenephosphonates 
The preparation of allenephosphonates has been described in the literature4 and 
proceeds via a [2,3]-sigmatropic rearrangement of phosphites derived from ethynyl 
carbinols. Reaction of dibenzylchlorophosphite 2a with 2-methyl-but-3-yn-2-ol 1, in 
the presence of triethylamine, gave the desired allenephosphonate 4a in 47% yield. 
The intermediate phosphite triester За could not be isolated as it rearranges at room 
temperature into 4a. The sequence is depicted in scheme 5.2. 
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Similarly, starting from catechol (1,2-dihydroxybenzene) allenephosphonate 4b 
was obtained in 67% yield. The intermediate phosphite rearranged readily at room 
temperature (Scheme 5.3). 
OH 
c c ^ o> EfeN, Et20 w xo 
2b 4 b 
Scheme 5.3 
Serious problems occur during the isolation of allenephosphonates 4a and 4b. 
The compounds could not be purified by column chromatography, distillation or 
crystallization. Therefore, dimethyl and diethyl allenephosphonates were used 
instead of dibenzyl allenephosphonate. Furthermore, a modified process was 
followed for the preparation of these allenephosphonates. Treatment of 2-methyl-
but-3-yn-2-ol 1 with phosphorous trichloride gave a spontaneous rearrangement of 
the initially formed 3c to the dichlorophosphonate 4c. Subsequent reaction with 
methanol or ethanol then produced allenephosphonates 4d and 4e, respectively, in 
65% yield (Scheme 5.4). It is of importance to note that in this synthesis HCl was 
removed by a stream of argon, thus avoiding the use of triethylamine as acid 
scavenger. The compounds 4d and 4e could be purified by careful distillation, in 
spite of the fact that Boiselle and Meinhardt4' reported that these 
allenephosphonates polymerize during distillation. However, attempted distillation of 
phosphonates 4a and 4b does lead to polymerization. 
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5.2.2. Silylation of allenephosphonates 
The procedure described for the silylation of alkenephosphonates was adopted5 for 
the synthesis of compound 5e. Thus, deprotonation of allenephosphonate 4e with 
lithium di'isopropylamide at -78°C, followed by treatment with trimethylsilyl chloride 
gave quantitatively the desired a-silylated phosphonate 5e (Scheme 5.5). This 
product is very unstable and it decomposes on standing at -10°C. Attempted 
purification by column chromatography resulted in complete desilylation. 
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Scheme 5.5 
5.2.3. Heteroconjugate addition to a-silyl-allenephosphonates 
α-Silyl-allenephosphonate 5e was treated with 2.4 equiv. of methyllithium at -78°C 
and subsequently water was added. The desired heteroconjugate addition product 
10a was obtained in only 30% yield. The main product of this reaction resembled 
the desilylated addition product 11a (see Scheme 5.7). Unfortunately however, its 
structure could not be elucidated . 
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Scheme 5.6 
A considerable improvement was achieved in the following manner. After silylation 
of allenephosphonate 4e the product was kept at -78°C and then added to a 
solution of 1 equiv. of methyllithium in THF at -78°C. Now quenching with water 
resulted in the heteroconjugate addition product 10a in 88% yield. This in situ 
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preparation of 5 avoided the side reaction due to decomposition of the silylated 
allenephosphonate. In a similar manner heteroconjugate addition of n-butyllithium 
and s-butyllithium could be accomplished in high yield to give compounds 10b and 
10c, respectively. 
5.2.4. Thiophene-2-phosphonates 
In view of the limited stability of the a-silyl allenephosphonate 5e, this product was 
prepared in situ from allenephosphonate 4e and brought into reaction with 1 equiv. 
methyllithium to produce the desired a-silyl carbanion by heteroconjugate addition. 
Subsequent treatment with an excess of sulfur dioxide then resulted in a product 
mixture mainly consisting of thiophene-2-phosphonate 7a and heteroconjugate 
adduci 10a which apparently had not reacted with sulfur dioxide (Scheme 5.7). The 
separation of this product mixture was problematic. 
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7a: R=Me/R1=Et; 7b: R=n-Bu/R1=Et; 7c: R=s-Bu/R1=Et; 7d: R=Me/R1=Me; 
7e: R=s-Bu/R1=Me 
Scheme 5.7 
Therefore, this product mixture was treated with tetrabutylammonium fluoride in THF 
water in order to desilylate product 10a to product 11a (Scheme 5.7). In this 
manner the thiophene-2-phosphonate could be obtained in a pure state by removal 
of product 11a by a careful bulb to bulb distillation. Because of this laborious work­
up procedure the yield of isolated product was rather low. 
Table 5.1 Thiophene formation from allenephosphonate 
substrate RLi R1 product Yield3 (%) Yieldb (%) 
4 e 
4 e 
4 e 
4 e 
4 d 
4 d 
1 eq. MeLi 
3 eq. MeLi 
1 eq. n-BuLi 
1 eq. s-BuLi 
1 eq. MeLi 
1 eg. s-BuLi 
Et 
Et 
Et 
Et 
Me 
Me 
7a 
7a 
7b 
7c 
7d 
7e 
40 
40 
40 
50 
40 
43 
12 
12 
12 
25 
17 
a:estimated from a GLC of the initial product mixture 
b:after purification 
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It is of interest to note that the yield of 7a is not affected by the amount of 
methyllithium employed in the heteroconjugate addition. When 3 equiv. of 
methyllithium were used also a 1:1 ratio of 7a and 10a was obtained. The 
sequence of reactions leading to thiophene-2-phosphonates was also successful for 
n-butyllithium and s-butyllithium giving products 7b and 7c, respectively. When 
vinyllithium and thienyllithium6 were used, the expected thiophene-2-phosphonates 
were not obtained. 
Mechanistically the formation of thiophene-2-phosphonates is similar to that of 
sulfonyl-substituted thiophenes (Scheme 5.8). It is assumed that the primairy 
product is a sulfine (see 6 in Schemes 5.7 and 5.8) containing a phosphonate 
group. Initial deprotonation of 6 followed by an intramolecular addition of the thus 
formed anion to the sulfine function then gives 12c. Subsequent aromatization by a 
Pummerer-type reaction of this intermediate with an excess of sulfur dioxide, 
produces the isolated thiophene 7 (Scheme 5.8). It is again assumed that 
trimethylsilanoate is acting as the base. The ratio 7 to 10 was always 1:1, 
irrespective if 1 equiv. or 3 equiv. of MeLi were used. 
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Scheme 5.8 
5.2.5. Alternative synthesis of α-silyl phosphonates as precursors for α,β-
unsaturated sulfines and thiophene-2-phosphonates 
The actual precursor for the synthesis of α,β-unsaturated sulfines is compound 10, 
which was obtained by a two step procedure from allenephosphonates, i.e. by a-
silylation and subsequent heteroconjugate addition of a suitable organolithium 
reagent. The first step is problematic due to the inherent instability of a-silyl 
allenephosponates. Therefore, an alternative route for the preparation of the 
precursor 10 was considered, which is depicted in Scheme 5.9. 
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Reaction of hydrogen bromide with 2,3-dimethyl-1,3-butadiene gives 2,3-dimethyl-
but-2-enyl bromide 14 in 35% yield. An Arbusov reaction with triethylphosphite then 
produces phosphonate 11a in 92% yield. Deprotonation and subsequent silylation 
gave the desired product 10a in a yield of 87%. The product obtained in this manner 
is indentical to that prepared in the heteroconjugate addition of a-silyl 
allenephosphonate 4e. 
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Scheme 5.10 
Product 10a thus obtained was, as described in Scheme 5.9, converted into 
thiophene-2-phosphonate 7a by deprotonation and subsequent treatment with an 
excess of sulfur dioxide. In this reaction sulfine 6a is proposed as intermediate. 
Again, a 1:1 mixture of 10a and 7a was obtained. During purification of 7a a 
considerable loss had to be accepted (yield as estimated from GLC: 50%, after 
purification: 15%). This alternative process is attractive, were it not that the first step 
has a disappointingly low yield. Moreover, this process is limited to symmetrical 
butadienes. In both synthesis of thiophenes 7 the ultimate products are difficult to 
purify. In principle, phosphonate 10a should also be accessible by reversal of steps, 
i.e. first addition of the organometallic reagent to allenic phosphonates 4 2 and 
subsequent silylation to give product 10a, b and c, respectively. 
5.2.6.Concluding remarks 
Dimethyl- and diethyl (3-methyl-buta-1,2-diene)phosphonate were synthesized by a 
[2,3] sigmatropic rearrangement, starting from 2-methyl-but-3-yn-2-ol and 
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phosphorus trichloride and subsequent treatment with methanol or ethanol. These 
allenephosphonates could readily be a-silylated. However, the resulting cc-sily 
allenephosphonates are very unstable and had to used in further reactions withoul 
isolation. 
Heteroconjugate addition of various organometallic reagents to these ot-sily 
allenephosphonates have been accomplished in high yields. 
The formation of the corresponding thiophenes, via the intermediate formation of an 
α,β-unsaturated sulfines, proceeds in reasonable yield. A disadvantage of the 
method is the problematic purification of the thiophene-2-phosphonates. 
Ο,Ο-Diethyl 3,4-dimethyl-thiophene-2-phosphonate could also be synthesizec 
starting from an a-silyl-ß/y-unsaturated phosphonate, which was prepared from 2,3-
dimethyl-1,3-butadiene. 
5.3. Experimental section 
General remarks 
IR spectra were recorded on a Perkin-Elmer 29Θ infrared spectrophotometer. The 9C 
MHz 1 H NMR spectra were recorded on a Varían EM-390 spectrometer (Me4Si as 
internal standard) and for the 100 MHz 1H NMR spectra a Bruker AC 10C 
spectrometer (CDCI3 as internal standard) was used. For the 1 3C NMR spectra a 
Bruker AC 100 spectrometer (CDCI3 as internal standard) was used. For mass 
spectra a double focussing VG7070E mass spectrometer was used. Melting points 
were measured with a Reichert Thermopan microscope and are uncorrected. 
Elemental analysis were performed on a Carlo Erba Instruments CHNS-0 EA 1108 
element analyzer. 
Dichloromethane was distilled from P2O5. THF was distilled from UAIH4. Diethy 
ether was distilled from NaH. Acetonitrile was distilled from P2O5. Ethyl acetate was 
distilled from K2CO3. Petroleum Ether was distilled from СаНг. Hexane was distilled 
from CaH2· All reactions were performed in an argon atmosphere. n-Butyllithium 
was used as a standard solution of 1.6 M in hexane. Methyllithium was used as a 
standard solution of 1.6 M in diethyl ether, salt free. GLC was conducted with a 
Hewlett-Packard HP 5890 gas Chromatograph, using a capillary column (25m) ol 
HP-1, and nitrogen at 2 ml/min (0.5 atm) as the carrier gas. Thin layei 
chromatography (TLC) was carried out on Merck precoated silica gel 60 F254 plates 
(0.25 mm) using the eluents indicated. Spots were visualized with UV and spraying 
with 5% H2SO4 solution in ethanol followed by charring at 140°C for 15 min. Flash 
chromatography was carried out at a pressure of ca. 1.5 bar, a column length of 15-
25 cm and a column diameter of 1-4 cm, using Merck Kieselgel 60H, unless stated 
otherwise. 
Dibenzyl 3-methyl-buta-1,2-diene-1-phosphonate (4a) 
To a stirred and cooled (0°C) solution of phosphorus trichloride (3.43 g, 0.025 mol) 
in toluene (45 mL) were successively and gradually added, a solution ol 
triethylamine (6.05 g, 0.05 mol) and benzyl alcohol 8 (2.7 g, 0.025 mol) in a period 
of 2 h then a second portion of benzyl alcohol 8 (2.7 g, 0.025 mol) was added 
dropwise in 15 min. The resulting mixture was stirred over night at room 
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temperature, cooled to 0°C and then a solution of 2-methyl-but-3-yn-2-ol 1 (2.1 g 
0.025 mol) in /V.W-dimethyl-aniline (3.2 mL, 0.025 mol) was gradually added. Aftei 
stirring for 1 h at 0°C, and 12 h at room temperature the mixture was washed twice 
with water (50 mL), dried over magnesium sulfate and concentrated in vacuo. The 
residue was purified by column chromatography (silica gel 60H, petroleum ether 60-
80°C : ethyl acetate =1:1, v/v), to give 2.97 g (47%) of product 4a which was almosi 
pure. 
1H NMR (CDCI3): δ 1.65 (d, 3H, J=3.2Hz, =С-СНз). 1.72 (d, 3H, J=3.2Hz, =С-СИз). 
5.01 (s, 2H, Ph-CÜ2-0-). 5.21 (s, 2H, Ph-Chfc-O-), 5.21 (m, 1H, =C-H), (s, ЮН, Ph-H] 
ppm. 
IR(CCl4): ν 3040 (Ar-H), 3030, 3015, 2990, 2970, 1960 (C=C=C), 1240 (P=0), 950-
1080(P-O-C)cm-'. 
o-Phenylene 3-methyl-buta-1,2-diene-1-phosphonate (4b) 
Phosphorus trichloride (31.3 g, 0.23 mol) was added to a stirred mixture of catecho 
9 (16.7 mL, 0.155 mol) and water (0.20 mL). After stirring for 1 h another portion oí 
phosphorus trichloride (13 g, 0.093 mol) was added and the resulting mixture 
heated under reflux for 3 h The residue was distilled giving 19.51 g (73%) (b.p.: 
85.0-86.0 °C/15 mm Hg) O-phenylene-phosphorochloridite 2b, which was 
dissolved in diethyl ether (25 mL). This solution was gradually added under argon tc 
a stirred and cooled (0°C) solution of 2-methyl-3-butyn-2-ol (9.53 g, 0.11 mol) and 
triethylamine (16.7 mL, 0.12 mol) in diethyl ether (125 mL). After stirring for 1 h al 
0°C, the mixture was allowed to warm to room temperature. The insolubles were 
removed by filtration and washed three times with diethyl ether. The combined 
filtrate and washings were concentrated in vacuo. The residue was crystallized from 
dichloromethane/hexane to give 20.21 g (91%) of almost pure product 4b. 
1H NMR (CDCI3): δ 1.65 (d, 3H, J=3.2Hz, =С-СНз). 1.72 (d, ЗН, J=3.2Hz, =С-СНз), 
5.30 (d-sept, 1Н, Ji=12Hz, J2=3.0Hz, =C-H), 7.04 (s, 4H, Ph) ppm. 
IR(CCl4):v 3040, 3030, 3015, 1960 (C=C=C), 1230 (P-O-Ar) cm"1. 
Dimethyl 3-methyl-buta-1,2-diene-1-phosphonate (4d) 
A solution of 2-methyl-but-3-yn-2-ol 1 (2.90 mL, 2.52 g, 30 mmol) in 
dichloromethane (50 mL) was gradually added in 45 min to a stirred and cooled 
(room temperature) solution of phosphorus trichloride (2.62 mL, 4.13 g, 30 mmol) in 
dichloromethane (50 mL), while a stream of argon was passed through. After stirring 
for 3 h at room temperature, this solution was added in 45 min to stirred and cooled 
(0°C) methanol (20 mL), while passing through argon. The mixture was stirred for 45 
min at 0°C and for another 3 h at room temperature. The mixture was concentrated 
in vacuo and the product was purified by distillation, 58.0-63.0°C/ 0.03 mm Hg, to 
give 3.60 g (65%) of product 4d. 
ІН NMR (CDCI3): δ 1.74 (d, 6H, J=8Hz, =С-СИз). 3.73 (d, 6Н. J= 10Hz, -О-СНз). 
5.14 (m, 1H, =C-Ü)ppm. 
IR(CCl4): ν 2990, 2940, 2900, 2840, 1960 (C=C=C), 1220-1289 (P=0), 1020-1070 
(P-O-Et)cm-I. 
MS(EI) m/e: 176 (M+), 161 (M+-CH3), 67 (M+-PO(OCH3)2). 
Diethyl 3-methyl-buta-1,2-diene-1-phosphonate (4e) 
A solution of 2-methyl-but-3-yn-2-ol 1 (21.02 g, 0.25 mol) ¡η dichloromethane 
(200mL) was gradually added in 45 min to a stirred and cooled (room temperature) 
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solution of phosphorus trichloride (34.34 g, 0.25 mol) in dichloromethane (250 mL), 
while passing through argon. After stirring for 3 h at room temperature, the volatiles 
were evaporated. The residue was dissolved in dichloromethane (200 mL), and 
added in 45 min to stirred and cooled (0°C) ethanol (200 mL) while passing through 
argon. The mixture was stirred for 45 min at 0°C and for another 3 h at room 
temperature. The mixture was concentrated in vacuo, and the product was purified 
by distillation, 63.0-66.0°C/ 0.12 mm Hg, to give 25.4 g (50%) of product 4e. 
1H NMR (CDCI3): δ 1.10 (t, 6H, J=7.0Hz. -O-CH2-CH3). 1-50 (d, 3H, J=3.3Hz, =C-
CÜ3). 1-57 (d, 3H, J=3.3Hz, =С-СЦз). 3.86 (quintet, 4H, J=7.0Hz, -O-CÜ2-CH3), 
4.93 (m, 1H, C=C-JH)Ppm. 
IR(CCl4): ν 2990, 2970, 2955, 1960 (C=C=C), 1250 (P=0), 1030-1060(P-O-Et) cm"1. 
MS(EI) m/e : 204 (M+), 176 (M+-CH2CH2), 148 (M+-2 χ (CH2CH2)), (159 (M+-
OCH2CH3), 67 (M+-PO(OCH2CH3)2). 
Diethyl 1-trimethylsilyl-3-methyl-buta- 1,2-diene-1-phosphonate (5e) 
A solution of diethyl 3-methyl-buta-1,2-diene-1-phosphonate 4e (4.08 g, 20 mmol) 
in THF (50 mL) was gradually added to a stirred and cooled (-78°C) solution of LDA 
[prepared from diisopropylamine (2.43 g, 24 mmol) and n-butyllithium (15 mL, 1.6M, 
24 mmol) at 0°C] in THF (50 mL). After stirring for 1 h at -78°C, a solution of 
trimethylsilyl chloride (2.61 g, 24 mmol) in THF (50 mL) was added dropwise and the 
mixture was stirred at -78°C for 2 h. This reaction mixture was concentrated in 
vacuo, the residue was dissolved in dichloromethane and washed with an aqueous 
saturated sodium chloride solution. The aqueous layer was washed with 
dichloromethane three times (20 mL) and the combined organic layers were dried 
over magnesium sulfate and concentrated in vacuo, giving 100% of 
allenephosphonate 5e. 
1H NMR (CDCI3): δ 0.0 (s, 9H, БІМез), 1.13 (t, 6Н, J=7.0Hz, -О-СН2-СН3), 1.50 (s, 
ЗН, -C-Сиз). 1-57 (s, 3H, =C-CÜ3). 3.88 (quintet, 4H, J=7.0Hz, -О-СН2-СН3) ppm. 
IR(CCl4): V2990, 2985, 2965, 2950, 2940, 1950 (C=C=C), 1240 (P=0), 1030-1060 
(P-O-Et)cm-I. 
Diethyl 1-trimethylsilyl-2,3-dimethyl-but-2-ene-1-phosphonate (10a) 
Procedure A; 
Methyll'rthium (3.0 mL, 1.6 M, 4.8 mmol) was gradually added during 5 min to a 
stirred and cooled (-78°C) solution of diethyl 1-trimethylsilyl-3-methyl-buta-1,2-
diene-1-phosphonate 5e (0.55 g, 2.0 mmol) in THF (50 mL). After stirring for 2 h at 
-78°C, an aqueous solution of ammonium chloride was added and the aqueous 
layer was extracted three times with diethyl ether (30 mL). The combined organic 
layers were dried over magnesium sulfate and concentrated in vacuo. The residue 
was purified by column chromatography (silica gel 60H, petroleum ether 60-80°C : 
ethyl acetate = 1:1, v/v) to give 0.175 g (30%) of 10a. 
1H NMR (CDCI3): δ 0.0 (s, 9H, віМез), 1.13 (dt, 6Н, J=7.0Hz; J=1.45Hz, -О-СН2-
СНз), 1.51 (d, ЗН, J=3.3Hz, =С-СИз). 1-56 (d, ЗН, J=3.3Hz, =С-СНз), 1.63 (s, ЗН, 
=С-СНз), 2.77 (d, 1Н, J=22Hz, 0=P-ChL-SiMe3), 3.87 (d-quintet, 4H, J=7.0Hz; 
J=1.45Hz, -O-CÜ2-CH3) ppm. 
IR(CCl4): ν 2980, 2920, 2900, 1245 (P=0), 1165 (P-CH), 1030-1080 (P-O-C) cm'1. 
MS(EI) т/ : 292 (M+), 210 (M+-SiMe3-H), 73 (SiMe3+). 
Procedure В: 
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A solution of diethyl 3-methyl-butâ-1,2-diene-1-phosphonate 4e (2.04 g, 10 mmol) 
in THF (25 mL) was added dropwise during 5 min to stirred and cooled (-78°C) 
solution of LDA [prepared from diisopropylamine (1.22 g, 12 mmol) and n-
butyllithium (7.5 mL, 1.6M, 12 mmol) at 0°C] in THF (25 mL). After stirring for 1 h at 
-78°C, a solution of trimethylsilyl chloride (1.31 g, 12 mmol) in THF (5 mL) was 
gradually added and the mixture was stirred at -78°C for 2 h. This reaction mixture 
was added dropwise during 15 min to a stirred and cooled (-78°C) solution of 
methyllithium (6.9 mL, 1.6M, 11 mmol) in THF (50 mL). After the addition was 
completed the mixture was stirred at -78°C for 1 h and allowed to warm to room 
temperature. The reaction was quenched with an aqueous saturated ammonium 
chloride solution. The aqueous layer was washed three times with dichloromethane 
(30 mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo, to give 2.59 g (88%) of 10a. 
Spectral data, see above. 
Diethyl 2,3-dimethyl-but-2-ene-1-phosphonate 7 (11a) 
A mixture of 1-bromo-2,3-dimethyl-2-buteneB 13 (2.0 g, 12.2 mmol) and triethyl 
phosphite (4.12 g, 24.4 mmol) was heated at an oil bath. The ethyl bromide formed 
was removed by distillation in 4 h. The excess of triethyl phosphite was removed 
from the resulting mixture by distillation (25-30°C, 8 mm Hg), and the product was 
obtained by distillation at 112-116°C, 8 mm Hg, to give 2.47 g (92%) of pure 11a. 
1H NMR (CDCI3): δ 1.10 (t, 6H, J=7.0Hz, -O-CH2-CH3), 1.64 (s, 3H, =C-CH.3). 1.75 
(s, ЗН, =С-СНЗ), 1-80 (s, ЗН, =С-СНЗ). 2.40 (d, 2Н, J= 22Hz, =C-CiJ2-P=0), 3.87 
(quintet, 4H, J=7.0Hz, -О-СЫ2-СН3) ppm. 
IR(CCl4): ν 2980, 2920, 2900, 1245 (P=0), 1165 (P-CH), 1030-1080 (P-O-C) cm"1. 
Diethyl 1-trimethylsilyl-2,3-dimethyl-2-butene-1-phosphonate (10a) from 11a 
n-Butyllithium (13.8 mL, 1.6M, 22 mmol) was added under argon to a stirred and 
cooled (-78°C) solution of diethyl 2,3-dimethyl-but-2-ene-1-phosphonate 11a (5.52 
g, 20 mmol) in THF (50 mL). After stirring for 30 min at -78°C, a solution of 
trimethylsilyl chloride (2.6 g, 24 mmol) in THF (25 mL) was gradually added. After 
stirring for 1 h at -78°C, the mixture was slowly warmed to room temperature and 
quenched with an aqueous saturated solution of ammonium chloride. The aqueous 
layer was extracted three times with dichloromethane. The combined organic layers 
were dried over magnesium sulfate and concentrated in vacuo. The crude product 
was purified by bulb to bulb distillation to give 5.07 g (87%) of 10a. 
Spectral data, see above. 
Diethyl 3,4-dimethyl-thiophene-2-phosphonate (7a) 
Procedure A: 
Methyllithium (7.5 mL, 1.6 M, 12.0 mmol) was added dropwise under argon to a 
stirred and cooled (-78°C) solution of diethyl 1-trimethylsilyl-3-methyl-buta-1,2-
diene-1-phosphonate 5e (1.38 g, 5.0 mmol) in THF (75 mL) under argon. After 
stirring for 2 h at -78°C, this mixture was added to a solution of an excess of sulfur 
dioxide in THF (100 mL) kept at -78°C, protected from light. The mixture was stirred 
over night at -78°C. The reaction mixture was concentrated in vacuo and the residue 
was dissolved in diethyl ether and extracted with an aqueous saturated ammonium 
chloride solution. The aqueous layer was washed three times with dichloromethane 
(30 mL). The combined organic layers were dried over magnesium sulfate and 
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concentrated in vacuo. The residue was purified by column chromatography (silica 
gel 60H, chloroform : methanol = 99:1, v/v) giving 0.17 g of an inseparable mixture of 
thiophene 7a and diethyl 1-trimethylsilyl-2,3-dimethyl-but-2-ene-1-phosphonate, in 
a ratio of 56:44 according to GLC. 
Spectral data, see below 
Procedure B: 
A solution of O.O-diethyl 1-trimethylsilyl-2,3-dimethyl-but-2-ene-1-phosphonate 10a 
(2.92 g, 10 mmol) in THF (25 mL) was gradually added to a stirred and cooled (-
78°C) solution of n-butyllithium (6.9 mL, 1.6M, 11 mmol) in THF (50 mL). After 
stirring for 30 min at -78°C the mixture was added dropwise to a stirred and cooled 
(-78°C) solution of sulfur dioxide (excess) in THF (100 mL), which was protected 
from the light. The mixture was kept at -78°C for 2 days, and allowed to warm to 
room temperature and concentrated in vacuo. The residue was dissolved in 
dichloromethane (50mL) and extracted with an aqueous saturated ammonium 
chloride solution. The aqueous layer was extracted twice with dichloromethane (25 
mL). The combined organic layers were dried with magnesium sulfate and 
concentrated in vacuo. According to GLC the residue (2.48 g), consists of 1.24 g, 
50% of the desired thiophene. This residue was dissolved in THF (50 mL)/ water 
cooled to -50°C and treated with TBAF (12 mL, 1M in tetrahydrofuran, 12 mmol). 
After stirring for 1 h, the mixture was allowed to warm to 0°C and stirred for 30 min 
The resulting mixture was poured out into ice water (50 mL) and extracted four times 
with diethyl ether (20 mL). The combined organic layers were dried over magnesium 
sulfate and concentrated in vacuo. Diethyl 2,3-dimethyl-but-2-ene-1-phosphonate 
was removed from the crude product by bulb to bulb distillation, while the pure 
thiophene derivative remained, 0.38 g, (15%). 
1H NMR (CDCI3): δ 1.33 (t, 6H, J=7.0Hz, -O-CH2-CH3), 2.17 (s, 3H, Аг-СЫз), 2.35 
(d, 3H, J=2 Hz, Ar-CÜ3). 4.13 (quintet. 4H, J=7.0Hz, -O-CH2-CH3). 7.20 (d, J=6.0 Hz, 
1H, Ar-H)ppm. 
13c NMR (CDCI3): δ 13.90 (d. 1С), 14.55 (d. 1С). 16.15 (d. 2C), 62.23 (d, 2C). 127.6 
(1С). 128.0 (1С). 139.6 (d, 1С), 145.2 (d. 1С) ppm. 
IR(CCl4): ν 1640 (P-O-C). 1340 (P-O-C). 1450 (P-O-C), 1220-1270 (P=0). 1180 (P-
O-C), 980-1080 (P-O-C) cm-1. 
MS (El) m/e: 248 (M+),220 (M+-CH2=CH2), 192 (M+-[CH2=CH2]2). 111 (M+-
P=0(OEt)2). 
EI/HRMS m/e: 248.0638 ±0.0007. (cale, for C 1 0 H 1 7 O 3 PS (M+): 248.0637). 
General procedure for the synthesis of dialkyl thiophene-2-phosphonates 7a-e 
A solution of dialkyl 3-methyl-buta-1,2-diene-1-phosphonate 4d-e (10 mmol) in THF 
(25 mL) was gradually added to a stirred and cooled (-78°C) solution of LDA 
[prepared from diisopropylamine (1.22 g, 12 mmol) and n-butyllithium (7.5 mL, 1.6M, 
12 mmol) at 0°C] in THF (25 mL). After stirring for 1 h at -78°C. a solution of 
trimethylsilyl chloride (1.31 g, 12 mmol) in THF (5 mL) was added. After stirring at 
-78°C for 2 h the mixture was added dropwise within 15 min to a stirred and cooled 
(-78°C) solution of alkyllithium (12 mmol) in THF (50 mL). Subsequently this 
reaction mixture was stirred at -78°C for 1 h and added dropwise to a solution of 
sulfur dioxide (excess) in THF (50 mL), which was protected from light. The mixture 
was kept at -78°C for 2 days slowly warmed to room temperature and then 
concentrated in vacuo. The residue was dissolved in dichloromethane (50mL) and 
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washed with an aqueous saturated ammonium chloride solution. The aqueous layei 
was extracted twice with dichloromethane (25 mL). The combined organic layers 
were dried over magnesium sulfate and concentrated in vacuo. The residue was 
dissolved in THF (50 mL)/ water cooled to -50°C and treated with TBAF (12 mL, 1M 
in tetrahydrofuran, 12 mmol). After stirring for 1 h, the mixture was allowed to warm tc 
0°C and stirred for 30 min. The mixture was poured into ice water (50 mL) anc 
extracted four times with diethyl ether (20 mL). The combined organic layers were 
dried over magnesium sulfate and concentrated in vacuo. Diethyl 2-alkyl-3-methyl-
but-2-ene-1-phosphonate was removed from the crude product by bulb to bulb 
distillation, while pure thiophene derivatives remained. 
Diethyl 3,4-dimethyl-thiophene-2-phosphonate (7a) ((calculated from GLC: 0.99 g, 
40% of the crude reaction product): 0.30 g, 12% after purification) starting from 
diethyl 3-methyl-buta-1,2-diene-1-phosphonate 4e (2.04 g, 10 mmol) and 
methyllithium (7.5 mL, 1.6M, 12 mmol). 
Spectral data, see above. 
Diethyl 3-n-butyl-4-methyl-thiophene-2-phosphonate (7b) ((calculated from GLC: 
1.16 g, 40% of the crude reaction product): 0.35 g, 12% after purification) starting 
from diethyl 3-methyl-buta-1,2-diene-1-phosphonate 4e (2.04 g, 10 mmol) and n-
butyllithium (7.5 mL, 1.6M, 12 mmol). 
1 H NMR (CDCI3): δ 0.80 (t, 3H, J=7.3Hz, -(СН2)3-СМз). 1.15 (m, 10H,-CH2-(CÜ2)2-
СНз· -0-CH2-CÜ3). 2.03 (s, ЗН, Ar-Сиз). 2.31 (m, 2Н, Аг-СШ-СНз), 4.00 (quintet, 
4Н. J=7.0Hz, -О-СН2-СН3), 7.02 (d, J=6.0 Hz, 1H, Ar-Η) ppm. 
IFKCCI4): ν 1640 (P-O-C), 1390 (P-O-C). 1440 (P-O-C), 1260 (P=0), 1020 (P-O-C), 
980-1080 (P-O-C) cnr 1 . 
MS (CI) m/e: 291 (M++1), 261 (М+-[-СН2-СНз]), 233 (М+-[-СН2-СНз]:-СН2=СН2), 
153(M+-P=0(OEt)2). 
MS (El) m/e: 290 (M+), 275 (M+-CH3), 261 (M+-OCH2CH3), 233 (M+-[-CH2CH3]:-
CH2=CH2), 219 (M+-CH3: ·2 χ CH2=CH2), 205 (M+- [-CH2CH3]. - 2 χ CH2=CH2). 
191 (M+- [-CH2CH2CH3], · 2 χ CH2=CH2). 
Diethyl 3-sec-butyl-4-methyl-thiophene-2-phosphonate (7c) ((calculated from 
GLC: 1.45 g, 50% of the crude reaction product): 0.72 g, 25% after purification) 
starting from diethyl 3-methyl-buta-1,2-diene-1-phosphonate 4e (2.04 g, 10 mmol) 
and s-butyllithium (9.2 mL, 1.3M in cyclohexane, 12 mmol), the crude product after 
bulb to bulb distillation was further purified by column chromatography (silica gel 
60H, chloroform : methanol = 99:1, v/v). 
1H NMR (CDCI3): 6 0.67 (t, ЗН, J=7.4Hz, -CH2-CÜ3). 1.15 (m, 9H,-CH-CÜ3: 2 x 0 -
CH2-CÜ.3). 1.50 (m, 2H, Аг-СН-(СНз)-Си2-СНз), 2.12 (d, J=1Hz, ЗН, Ar-CÜ3). 3.23 
(m, 1Н, Аг-СМ-(СНз)-СН2-СНз). 3.94 (quintet, 4Н, J=7.0Hz, -О-СЫ2-СН3), 6.99 (d, 
J=6.0Hz, 1H, Ar-HJppm. 
1 3 c NMR (CDCl3):6 12.50 (1С), 16.20 (3C). 16.96 (1С), 27.82 (1С), 36.44 (1С), 
62.09 (d, 2C), 129.9 (2C), 139.0 (d, 1С), 154.2 (d, 1С) ppm. 
IR (CCI4): ν 2980, 2960. 2900, 2890, 1440 (P-O-C). 1390 (P-O-C), 1240 (P=0), 
1160 (P-O-C), 1010-1070 (P-O-C). 940-970 (P-O-C) cm"1. 
MS (El) m/e: 290 (M+). 275 (M+-CH3), 261 (M+-[-CH2-CH3]). 247 (M+ -CH3 
-CH2=CH2), 233 (M+-[-CH2-CH3]:-CH2=CH2), 219 (M+-CH3: -2 χ CH2=CH2), 205 (M+- [-CH2-CH3], - 2 χ CH2=CH2). 
EI/HRMS m/e: 290.1107 ±0.0008. (cale, for C13H23O3PS (M+): 290.1106). 
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Dimethyl 3,4-dimethyl-thiophene-2-phosphonate (7d) (calculated from GLC: 0.Θ8 
g, 40% of the crude reaction product) starting from dimethyl 3-methyl-buta-1,2-diene-
1-phosphonate 4d (1.76 g, 10 mmol) and methylhthium (7.5 mL, 1.6M, 12 mmol). 
1H NMR (CDCI3): 5 2.06 (s, ЗН, Ar-СМз). 2.16 (d, ЗН, J=0.5 Hz, Ar-СМз). 3.58 (d, 
6H, J=10Hz, -O-CH3). 7 06 (d. 1H, J=6Hz, Ar-Η) ppm. 
IR(CCl4): ν 1640 (P-O-C), 1340 (P-O-C), 1450 (P-O-C), 1255 (P=0), 1160 (P-O-C), 
980-1080 (P-O-C) cm'1. 
MS (El) m/e: 220 (M+), 205 (M+-CH3), 111 (М+-РО(СНз)г). 
Dimethyl 3-sec-butyl-4-methyl-thiophene-2-phosphonate (7 ) ((calculated from 
GLC: 1 13 g, 43% of the crude reaction product): 0.44 g, 17% after purification) 
starting from dimethyl 3-methyl-buta-1,2-diene-1-phosphonate 4d (1.76 g, 10 mmol) 
and s-butylhthium (9.2 mL, 1.3M in cyclohexane, 12 mmol). The crude product after 
bulb to bulb distillation was further purified by column chromatography (silica gel 
60H, chloroform : methanol = 99:1, v/v) 
1H NMR (CDCI3): δ 0.65 (t, J=7 3, ЗН. -СН2-СЦ3), 1.08 (d, J=7Hz, ЗН,-СН-СИз). 
1.55 (m. 2H, Аг-СН-(СНз)-СН2-СНз). 2 12 (s, ЗН, Ar-СМз). 3 20 (m, 1Н, Аг-СН_-
(СНз)-СН2-СНз), 3.56 (d, 6Н, J=11Hz, 2 χ -О-СНз), 7.02 (d, 1Н, J=6.0 Hz, Аг-Ш 
ppm. 
1 3CNMR(CDCI3):8-5 00(1C), -1.19 (1С), 1.60 (1С), 19.1 (1С), 35 1 (d, 1С), 112 8 (2C), 121.6 (d, 1С), 137 2 (d, 1С) ppm. 
IR(CCl4). ν 2980-2950, 2870, 2840, 1770, 1720-1740, 1640 (P-O-C), 1340-1450 (P-
O-C), 1220-1270 (P=0), 1180 (P-O-C), 980-1080 (P-O-C) спгг1. 
MS (El) m/e: 262 (M+), 247 (М+-СНз). 233 (М+-[-СН2-СНз])· 
EI/HRMS m/er 262 0793 ±0 0008. (cale, for Ci 1H19O3PS (M+): 262 0793) 
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SUMMARY 
This thesis deals with the synthesis of some chiral sulfines derived from dithioesters 
and from vinylsilanes. In the first chapter, the chemistry of sulfines(thione S-oxides) is 
briefly reviewed. 
Chapter 2 is devoted to the synthesis of chiral sulfines from dithioesters, which bear 
a hydrogen at the chiral center at Ca. Benzyl(methylthio)sulfine and benzyl-
(ethylthio)sulfine were synthesized as model compounds. These sulfines undergo a 
rearrangement to a mixture of 1,4- and 1,2-dithiins via a vinylsulfenic acid, as shown 
in Scheme 1. This vinylsulfenic acids could be trapped by a reaction with thiophenol 
(Scheme 1). 
SR 
Y S ΓΎΎ 
Ρ Κ ^ Ύ m-CPBA ΡΗ^Ύ 
s сн2сіг,сРс S* 
О (£+2) 
a:R=Et; b: R=Me 
Scheme 1 
«^A, 
A dithioester derived sulfine bearing an alkyl group at Ca undergoes a fast 
racemization via a vinylsulfenic acid. On standing, the unstable sulfine rearranged 
slowly to a mixture of thioester, dithioperoxyester and a dimer of the vinylsulfenic acid 
(Scheme 2). 
" ^ _^ СРВД^
 R^Xs^ _ R I ^ R l _ _ 
x i 
a X= Me, R=Ph, R1=Et; b X= OAc, R=Ph, R1=Me: 
с X= NHBoc, R=(CH3)2CHCH2, R1=Me 
Ο Ο X SR1 
R Y ^ S ^ R 1
 +
 R Y ^ S " S - R 1
 + R \ S ^ R 
X X SR1 Ο X 
for a and b for a and b for a only 
not for с not for с not for b and с 
Scheme 2 
When Ca in the sulfine bears an alkoxy group, no racemization was observed. The 
rearrangement to a mixture of dithioperoxyester and thioester still took place. 
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With an amino group at Ca, the sulfine is stabilized by intramolecular hydrogen 
bonding and does not racemize, even not after several years. No trace of the 
corresponding dithioperoxyesters was found. 
In chapter 3 the synthesis and heteroconjugate addition of some vinylsilanes is 
described. Chiral aldehydes derived from esters by DibalH reduction gave, in an 
one-pot Peterson reaction, chiral vinylsilanes. Several esters were investigated to 
establish the scope of this reaction. There are two limiting factors. The α-hydrogen of 
the ester may not be too acidic, to avoid undesirable proton exchange. Secondly, 
under the conditions used for the Peterson olefination the reduction with DibalH 
should lead to the aldehydes in a fast and efficient reaction. 
Amino acids could easily be converted into the corresponding vinylsilanes, via the 
route shown in Scheme 3. Other vinylsilanes were prepared from mannitol, tartaric 
acid, gluconolactone and malic acid (see substrates in the Schemes 5,6 and 7). 
NH2 NBrfc 
»-V OH 3equiv. BnBrA NaOH, EtOH, K2C03 '^Ύ°Ί LiAIHa 
NBrfe 
Ph 
EfeO 
1.DMSO, СН
г
СІг 
(COCÍ) г 
2. Et3N 
Scheme 3 
NBns 
-Ol 
LiC(S¡Me3)2SPh 
-78°C,THF R 
b: R=PhCH2; d: R=Me; e: R=Ph 
NBn¿ SiMe3 NBrfe SiMe3 
Oxone ? I 
SPhMeOH,H20 R - ^ ^ ^ S O j P h 
As the thus obtained phenylthio-substituted vinylsilanes did not react with 
organolithium reagents, they were oxidized to the corresponding sulfones, using 
oxone in methanol (Scheme 3). These sulfonyl substituted vinylsilanes gave a 
stereoselective heteroconjugate addition in high yields. 
The products of the heteroconjugate addition to phenylthio-substituted vinylsilanes, 
derived from glyceraldehyde, depend on the reaction temperature. At -78°C the 
desired a-silyl anion is formed, which could be transformed into the corresponding 
sulfine by reaction with sulfur dioxide, as shown in Scheme 4. The sulfine was not 
isolated but converted into a sulfoxide by reaction with methyllithium. 
3 equiv. n-BuLi 
3 equiv. TMEDA 
THF, -78 °C 
Me3Si SPh - l · 
SiMe3 
© 
SPh 
n-Bu 
SOg (xs) 
n-Bu SPh 
X ' M 
LMeLi О О Me 
2-НгО \ / 
n-Bu SPh 
Scheme 4 
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At 0°C, the initially formed a-silyl anion gives an intramolecular substitution to 
produce a cyclopropane derivative in high yield, together with traces of an α,β-
unsaturated ketone. This ketone was formed in high yield when LDA was used as the 
reagent (see Scheme 5) 
3 equiv RLi, TMEDA 
^ 
THF, 0°C 
V SiMe3 
M e 3 S r SPh л° 
SPh 
I 
OH 
LDA 
SiMe3 
SPh 
Scheme 5 
Vinylsilanes derived from tartaric acid and gluconolactone showed the same 
behavior at -78°C, and gave the corresponding adducts in high yields. At 0°C, 
cyclopropane derivatives are formed, together with other products which are derived 
from initial formation of the corresponding α,β-unsaturated ketones (see Scheme 6). 
PhS„_ ^SiMe3 ρ 
nui 
1 3 equiv RLi 
- H 3equiv TMEDA _ 
A-—Ö Д^О 
(derived from gluconolactone) 
THF, 0°C 
2 H20, H
 + 
R 
OH I 
- o^'"A S P h + 
О H SiMe3 
R=n-Bu, R= Me, R=Ph 
HO 
HO R SPh 
SiMe3 
R=n-Bu, R=Me 
1 3 equiv RLi 
3 equiv TMEDA 
THF, -78°C-> 0°C 
' p h S ^ S i M e a 2 H20, NH<CI 
Pif 
(derived from tartaric acid) 
1 3 equiv LDA 
-78PC.THF 
2 H20, H
+ 
SiMe3 
SPh 
Ч
о " ^ Р І і 
SiMe3 
он 1 
R 
OIIVI SlMe3 
SPh 
Scheme 6 
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The vinylsilane derived from malic acid gave at -78°C elimination of the alkoxy 
group to a diene structure, which after addition of butyllithium resulted in an β,γ-
unsaturated sulfide (Scheme 7). 
У 
SPh 3 equiv. /T-BUIJ 
= < THF, -78°C 
SiMe3 
^м 
n-BuLi 
H+, H 2 0 
SPh 
SiMe3 
n-Bu 
LiO 
i-  
SPh 
S i M e 3 
Scheme 7 
In chapter 4, the synthesis of thiophenes is described starting from allenyl sulfones, 
with α,β-unsaturated sulfines as intermediates. The allenyl sulfones were 
synthesized by a [2,3] sigmatropic rearrangement of appropriately substituted 
propargyl sulfinates. These allenyl sulfones were a-silylated in quantitative yields. 
Heteroconjugate addition of organolithium reagents gave the desired a-silyl 
carbanions, which reacted with sulfur dioxide to give the α,β-unsaturated sulfines. 
These sulfines underwent a rearrangement to the corresponding thiophenes 
(Scheme 8). The yield of the thiophenes depends on the organolithium reagents 
used. 
о 
II 
p-TolS 
OH Ri о 
j p-TolS(Q)CI __ 
EbN R2 
2,6-lutidine 
CH3CN/A 
R1
 v H 
R2 SC O^Tol -p 
1.n-BuLi,THF 
— »• 
2. -7в°С. Me3S¡C 
SiMe 3
 1.R3Li 
R2 S02Tol-p 2 S ° 2 
Scheme 8 
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The use of exocyclic allenyl sulfones was more troublesome, and only for one 
example the corresponding thiophene was obtained (Scheme 9). 
· = < 
SiMe3 1. MeLi 
S02Tol^> 
2. SO 2 
S02Tol-p 
Scheme 9 
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The sulfone group could be removed with sodium amalgam in high yield. 
In chapter 5, thiophene-2-phosphonates were synthesized starting from allene-
phosphonates. The silylated allenephosphonates were synthesized in situ and could 
be converted into the desired thiophenes via an intermediate sulfine, as shown in 
Scheme 10. 
47% HBr W 
/ \ AcOH X Br P(OEt); 
Ov О Et 
~)=Ç™ 1. n-BuLi, -78PC » 
2. Me3SiCI 
Me3Si Ov OEt 
vK OEt 
A. n-BuLi, -70Ό 
2.S02 (R=Me) 
О O - R ' 
2. CISiMe3,-78PC 
к 
POÍOR1^ 
M °v°-
R1 
\ 
O - R 1 
S¡Me3 
3. RU 
4. S0 2 
0 = \ O O - R 1 
O-R 1 
a R=Me 
b R= n-Bu 
с R=sec-Bu 
Scheme 10 
An alternative route toward these thiophenes is the synthesis of allyl phosphonates 
from 2,3-dimethyl-1,3-butadiene, via a 1,4 addition of hydrogen bromide and a 
subsequent Arbusov reaction. A sequence of silylation, deprotonation and reaction of 
the a-silyl anion thus obtained with sulfur dioxide gave the desired thiophene-
phosphonate in reasonable yield (see Scheme 10 topline). 
A summary in English and Dutch concludes this thesis. 
12Θ 
SAMENVATTING 
In dit proefschrift worden de synthese en reacties van sulfinen, afgeleid van 
vinylsilanen en dithioesters, beschreven. In het eerste hoofdstuk wordt een kort 
overzicht gegeven van de chemie van sulfinen (thion-S-oxiden). 
In het tweede hoofdstuk wordt de synthese van chirale sulfinen beschreven 
uitgaande van dithioesters, welke op het chirale centrum Ca een waterstof atoom 
bezitten. Als modelverbindingen werden benzyl(methylthio)sulfine en benzyl-
(ethylthio)sulfine gesynthetiseerd. Deze sulfinen ondergaan een omlegging tot een 
mengsel van 1,4- en 1,2-dithiin, via een vinylsulfeenzuur (Schema 1). Deze 
vinylsulfeenzuren konden worden afgevangen door middel van een reactie met 
thiophenol. 
SR 
PK. ^ Д ^ RS^ ^.S^ ^Ph 
2 weken 
Ρ h' 
CH2CI2 
l ' y m-CPBAt P l ï V J 3 " J 
s CH2CI2.CPC s * "" s s 
о он 
(&2) 
SR 
SR 
PhSH „u^^sss^SR Ph' 
a:R=Et; b: R=Me ¿ 
Schema 1 
SPh 
Wanneer Ca van het sulfine is gesubstitueerd met een alkyl groep, racemiseert het 
sulfine snel via een vinylsulfeenzuur intermediair. Het instabiele sulfine viel na 
verloop van tijd uiteen tot een mengsel van dithioperoxy-ester, thiolester en een 
dimeer van het vinylsulfeenzuur. (Schema 2). 
! ^ s-°H 
s ' R l 
R l s R1J!>CPB^R Hs R 1 ^ ^ R ï 
Χ Χ χ 
a X= Me. R=Ph. R1=Et; b X= OAc, R=Ph, R1=Me: 
с X= NHBoc, R=(CH3)2CHCH2, R1=Me 
O O X SR1 
*yK'*
 +
 RY^S"S-R1
 + R \ S ì \ R 
X X SR1 O X 
voor a en b voor a en b voor а 
niet voor с niet voor с niet voor b en с 
Schema 2 
Wanneer Ca is gesubstitueerd met een alkoxy-groep dan werd er geen racemisatie 
waargenomen. De omlegging tot dithioperoxy-ester en thiolester werd echter niet 
onderdrukt. 
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Met een amino-substituent op Ca, wordt het sulfine door middel van een 
intramoleculaire waterstofbrug gestabiliseerd en werd er geen racemisatie 
waargenomen, zelfs niet na verloop van een paar jaar. Ook vond er geen omlegging 
tot dithioperoxy-ester en thiolester plaats. 
In hoofdstuk drie wordt de synthese van vinylsilanen beschreven. Chirale 
aldehydes verkregen uit esters door een DibalH reductie, gaven in een één-pots 
Peterson-reactie chirale vinylsilanen. Verscheidene esters werden gebruikt om de 
scope van deze reactie te bepalen. Er werden twee beperkende factoren gevonden, 
te weten, de α-waterstof van de ester mag niet te zuur zijn, om proton uitwisseling te 
voorkomen en verder moet de reductie met DibalH leiden tot de aldehydes in een 
snelle en kwantitatieve reactie. 
Aminozuren konden gemakkelijk worden omgezet in de overeenkomstige 
vinylsilanen met behulp van de route die aangegeven is in Schema 3. Andere 
vinylsilanen werden gesynthetiseerd uitgaande van mannitol, wijnsteenzuur, 
gluconolacton en appelzuur (zie de substraten in de Schema's 5,6 en 7) 
NH¡> NBnr, 
"^Y 
OH 3equiv. BnBrA 
NaOH, EtOH, K2C03 
όΛ 
LiAH, 
NBrç 
Ph 
EfcO 
1.DMSO, CHjClz ? ^ LiC(SiMe3)2SPh 
(coci)2 R X * S ¡ 1 
2. Et3N O 
-78°C,THF 
b: R=PhCH2; d: R=Me; e: R=Ph 
NBrfe SiMe3 
R ' ^ 4 ^ 4 S P h MeOH, H20 R' 
Oxone 
NBrç SiMe3 
SCfePh 
Schema 3 
Omdat de aldus verkregen phenylthio-gesubstitueerde vinylsilanen niet reageerden 
met organolithium-reagentia, werden deze vinylsilanen geoxideerd tot de 
overeenkomstige sulfonen, met behulp van oxone in methanol. De zo verkregen 
vinylsilanen gaven een stereoselektieve heterogeconjugeerde additie in goede 
opbrengst. 
De aard van de producten van de heterogeconjugeerde additie aan phenylthio-
gesubstitueerde vinylsilanen, afgeleid van glyceraldehyde, is afhankelijk van de 
reactietemperatuur. Bij -78°C werd het a-silyl-carbanion gevormd, dat door een 
reactie met zwaveldioxide omgezet kon worden in het overeenkomstige sulfine. 
(Schema 4). Dit sulfine werd niet geïsoleerd, maar direkt omgezet in een 
dithioacetaal-S-monoxide door reactie met methyllithium. 
3 equiv. n-BuLi 
3 equiv. TM EDA 
THF, -78 °C 
Me 3 Sr SPh 
SiMe* 
SPh 
n-Bu 
SO2 
(overmaat) 
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Schema 4 
BIJ OOG gaf het ot-silyl carbanion, een mtramoleculaire substitutie waarbij een 
cyclopropaanderivaat gevormd werd in hoge opbrengst samen met een α,β-
onverzadigd keton als bijproduct. Dit keton werd in hoge opbrengst gevormd als LDA 
werd gebruikt als reagens (Schema 5). 
3equiv RU, TMEDA 
» 
THF, 0°C 
We 3 Sr SPh 
LDA 
V SiMe3 IX + 
*.·• SPh 
I 
OH 
SiMe3 
SPh 
Schema 5 
Vinylsilanen afgeleid van wijnsteenzuur en gluconolacton, vertoonden hetzelfde 
gedrag bij -78°C en gaven de addilieproducten in hoge opbrengst. Bij 0°C werden 
de overeenkomstige cyclopropaandenvaten gevormd met producten, welke gevormd 
zijn uitgaande van de overeenkomstige α,β-onverzadigde ketonen (Schema 6). 
PhS_ .SiMe3 
-o /\ o 
(afgeleid van gluconolacton) 
1 3 equiv RLi 
3 equiv TMEDA 
R 
OH I 
THF,0°C 
2 H20, H
 + 
-o-rW 5 H SiMe3 
R=n-Bu, R= Me, R=Ph 
HO 
HO R SPh 
SiMe3 
R=n-Bu, R=Me 
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1 3equw LDA 
-TtfC.THF 
2 H 2 0 , H
 + 
I s 4> 
Schema 6 
1 
SiMes 
Y^sph 
- ^ P h 
SiMe3 
SPh 
Het vmylsilaan afgeleid van appelzuur gaf bij -78°C eliminatie van de alkoxy-groep, 
waarbij een dieen gevormd werd, dat met de overmaat n-butyllithium reageerde tot 
een β,γ-onverzadigd sulfide (Schema 7). 
Jc° SPh 3equiv n-BuLi^  
=£ THF. -78°C 
SiMe3 
№ 
SPh 
SiMe3 
ft-BuLi 
n-Bu 
LiO 
н\н2о 
SPh 
SiMe3 
Schema 7 
In hoofdstuk 4 wordt de synthese van thiofenen beschreven, uitgaande van 
allenylsulfonen, met α,β-onverzadigde sulfmen als intermediair. De allenylsulfonen 
werden gesynthetiseerd via een [2,3]-sigmatrope omlegging van gesubstitueerde 
propargylsulfinaten. Deze allenylsulfonen werden gesilyleerd op de α-plaats in 
kwantitatieve opbrengst. Heterogeconjugeerde additie van organolithium reagentia 
gaf de gewenste ot-silyl-carbamonen, welke na reactie met zwaveldioxide de α,β-
onverzadigde sulfmen opleverden. Deze sulfmen ondergingen een omlegging tot de 
overeenkomstige thiofenen (Schema 8). 
p-TolS 
OH Ri o 
I / pTolS(0)CI I 
I ' Ы ^~~~ I 
2,6-lutidme 
R2 EbN R2 
CH3CN/ Δ 
R1—ν Η 
R2 SC fcTol ρ 
1 л-BuLi.THF 
2 -7 °С, Me3SiCI 
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SiMe3 1.R3Li 
802Τομρ
 2 S
°
2 
30 2 ТЫр 
R2 R3 
„л\ S02Tol-p 
Wanneer uitgegaan werd van exocyclische allenylsulfonen, dan werd slechts in één 
geval het overeenkomstige thiofeen gevormd. (Schema 9). 
Η 
SiMe3 1. MeLi 
SO2T0I-P 2. SO г S02Tol-p 
Schema 9 
De sulfongroep kon verwijderd worden met behulp van natriumamalgaam in hoge 
opbrengst. 
In hoofdstuk 5 wordt de synthese van thiofeen-2-fosfonaten beschreven, uitgaande 
van alleenfosfonaten. De alleenfosfonaten werden in situ gesilyleerd en na additie 
van een organolithium verbinding en reactie met zwaveldioxide, werden de 
overeenkomstige thiofenen gevormd (Schema 10). 
4 /—Br 
Ov OEt 
R XJ/ 47% HBr
 r К Г
0
' P(OE«)3 , W " \ D 2JT 
/ \ AcOH / \ / \ 2. N 
-BuLi, -7tf»C 
 Me3SCI 
Me3Sl· Ov OEI 
^.n-BuLi.-7ePC 
2. S 0 2 (R=Me) 
V 
O-R1 
><°-i 
Η PO(OR1h 
LDA 
CISiMe3.-78PC 
\=^VR 1 
' SiMe3 
3. RLi 
4. S 0 2 
0 = S W у 0 " " 1 
)=< Po-R1 
a R=Me 
b R= n-Bu 
с R=sec-Bu 
Schema 10 
Deze thiofeen-2-fosfonaten konden ook worden gesynthetiseerd uitgaande van een 
allylfosfonaat, dat gesynthetiseerd werd uit 2,3-dimethyl-1,4-butadiëen via een 1.4 
additie van waterstofbromide gevolgd door een Arbusov-reactie. Na silylering, 
deprotonering en reactie met zwaveldioxide werd het gewenste thiofeen-2-fosfonaat 
verkregen in een redelijke opbrengst (Schema 10). 
Een samenvatting in het Engels en het Nederlands besluit dit proefschrift. 
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